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L. E. DESJARDINS (1837-1919): UN DES PIONNIERS DE
L’OPHTALMOLOGIE AU CANADA FRANCAIS
E. DESJARDINS, M.D., F.R.C.S.JC], F.A.C.S.,0 Montreal, Que.

a ete la premiere specialite chirurgicale reconnue au Canada.
Son histoire a fait Fobjet de nombreux
ecrits, dont les principaux sont ceux de
C. M. Boissonnault,1 Robert Craik,2 J. J.
Heagerty, 3-4 Maude E. Abbott,5 H. E.
MacDermot,6’7 J. A. MacMillan8 et L.
Daniel Mignault.9
Les renseignements puises a ces sources,
sont parfois incomplets ou variables quant
aux dates; dans le passe, le souci de Fexactitude mathematique etait secondaire et les
normes de la methodologie historique
n’etaient pas toujours respectees.
Au Canada franyais. les premiers oculistes furent le doyen Louis-Joseph-Alfred
Simard de Quebec et Louis Edouard Des
jardins (Fig. 1) de l’Hotel-Dieu et de l’lnstitut Ophtalmique de Montreal. Le docteur Simard a ete le premier medecin a
montrer une predilection pour 1’oculistique.
Ancien eleve de Laval, il suivit des cours a
Louvain et a Paris; de retour a Quebec
en 1864, il fut charge dune multitude de
cours: anatomie, pathologie generale, phy
siologic, histoire de la medecine, deontologie medicale et ophtalmologie.
Il est facile d’imaginer que les fonctions
que le docteur Simard occupait a la
Faculte, dont il fut doyen de 1899 a 1905,
le retenaient frequemment hors de sa
clinique de la rue Saint-Louis et l’empechaient de consacrer a sa specialite la
totalite de ses activites.
Le docteur L. E. Desjardins fut le pre
mier medecin de Montreal qui decida des
1869 de s’orienter exclusivement en spe
cialite. Medecin de l’Hotel-Dieu, il y eut
la charge de consultant en ophtalmologie
des 1871. Desjardins fut deux fois titulaire
de la chaire dophtalmologie, a la Succursale de Laval et a 1’Ecole Victoria; il fonda
en plus un dispensaire pour les maladies
oculaires a l’lnstitut Nazareth.10 Il traita
L ’ophtalmologie

^Fig. 1.—L. Edouard Desjardins, professeur
d'ophtalmologie a l’Ecole de Medecine et de
Chirurgie de Montreal.

798 malades a cette clinique du 19 avril
1873 au 1 mai 1874.
On lit meme dans un journal beige la
note suivante: “Les Instituts ophtalmiques
s elevent dans toutes les parties du monde.
Il vient de sen creer un a Montreal
(Canada) sous la direction du docteur Des
jardins que Ton a vu naguere au Congres
de Londres ou il s’etait rendu au prix
d’un voyage long et couteux pour s’y retremper aux sources de l’ophtalmologie
europeenne.11
Le docteur Frank Buller du Montreal
General Hospital fut le premier oculiste
anglophone de Montreal. Charge de cours
a McGill en 1878 il fut nomine titidaire en
"Professeur emerite a 1’Universite de Montreal. 1883. Frank Buller avait fait ses etudes
Registraire, Hotel-Dieu, 3840 rue Saint-Urbain, medicales au College Victoria de Toronto;
Montreal 8, Que.
il se rendit ensuite en Europe, ou il servit
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Uig 2.—Photographic prise a Rome en novembre 1869 d un groupe de membres du clerge
?e rendant au Concile I du Vatican et du docteur L. E. Desjardins, venu a Rome pour suivre les cbnioues ophtalmologiques. La traversee de l’Atlantique se fit a l’aller de Quebec a Londres, a bord du S.t>.
Nestorian; le depart eut lieu le 23 octobre 1869. Ledocteur Desjardins porte le no. 6 sur la photo.

dans le corps medical allemand pendant la Foccasion exprimer ses pensees crument. A
guerre franco-prussienne de 1870. A la preuve, ces mots: “Let me tell you first of
cessation des hostilities, il occupa a Londres all that the student who leaves college and
le poste de “house surgeon” au Royal Lon immediately goes abroad to study some
don Ophthalmic Hospital, dit Moorfields specialty for six months or a year during
Eye Hospital; sur les instances du docteur which time he merely attends the clinics
Shepherd, il accepta la direction du service and then returns home and starts as a
ophtalmique du Montreal General Hospi specialist, is nothing short of an imposter,
tal. Les noms de Buller et de William a superficial narrow-minded, ill-trained
Osier, out toujours ete associes, car Buller, egoist, too ignorant to understand his own
pendant plusieurs annees, donna asile a incapacity.”12
L ’Union M edicale du Canada a, des
Osier dans sa maison de la rue SainteCatherine. Frank Buller n’eut pas la repu 1872, donne a Desjardins l’hospitalite de
tation litteraire d’Osler, mais il savait a ses pages; il en profita pour publier ses
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observations personnelles sur les progres
accomplis en ophtalmologie chez L. de
Weaker, Sichel et Galezowski. C’etait la
confirmation officielle de l’entree de Des
jardins dans le domaine particulier de
1ophtalmologie. Jusqu’a hier, tout medecin,
qui se jugeait qualifie, pouvait traiter les
maladies oculaires et operer les cataractes
ou le glaucome.13
Desjardins, Paine d’une famille nombreuse, naquit a Terrebonne, en 1837,
1’annee sombre. Le climat, qui prevalait a
Pepoque sur les coquets villages qui longeaient la Riviere des Mille-Iles, n’a surement pas entrave la destinee des Prevost,
des Masson, de L. O. Taillon, d’Adolphe
Chapleau, d’Alphonse Desjardins et de ses
freres Edouard et Guillaume-Henri. Le
soulevement des gens de Terrebonne fut
minime a cote de la rebellion des habi
tants de Saint-Denis, de Saint-Charles, de
Saint-Benoit et de Saint-Eustache. II se
termina par la signature d’une entente
entre l’autorite et les patriotes que L. O.
David a rappelee sur un mode sarcastique:
“Cette convention eut pour effet de retablir la paix et l’ordre dans le comte de
Terrebonne, mais n’empeche que deux
mois apres, Bouc, Rochon, Leclaire, Gravelle, Roussin et St-Louis etaient arretes,
subissaient leur proces et etaient condamnes a etre pendus.”14
Desjardins commen9a ses etudes secondaires au College Masson de Terrebonne
et il les termina au Seminaire de Nicolet.
II s’inscrivit en 1860 a l’Ecole de Medecine
et de Chirurgie de Montreal; il eut la
bonne fortune de faire sa clericature chez
le docteur Jean-Gaspard Bibaud, aupres de
qui il demeura comme collaborateur, apres
1864, date de sa licence. Il ouvrit alors son
cabinet dans le faubourg Saint-Antoine de
Montreal, a l’ombre de la nouvelle Cathedrale. Devoue et sympathique, il se crea
tot une clientele fidele, mais mis en pre
sence quotidiennement d’affections ocu
laires frequentes chez ses malades ouvriers,
il se sentit attire dans une voie jusqu’alors
inexploree: la specialisation oculaire. Passionne par les problemes de l’oculistique,
il decida d’aller en Europe acquerir la
science qui lui faisait defaut. Il s’embarqua
pour la France en 1869; il fut bien accueilli
par les maitres dont il reclama le privilege
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de suivre les cliniques. Aupres d’eux, il enrichit ses connaissances d’ophtalmologie et
il connut les meilleures techniques chirurgicales (Fig. 2).
Desjardins fut admis a l’Hotel-Dieu en
1870 et au retour de son troisieme voyage
outre-mer, celui de 1873, l’hopital lui confera le titre de chef du service d’ophtal
mologie. Les registres de la salle d’operation mentionnent que, fin octobre et debut
de novembre 1875, il pratiqua une ablation
de cataracte, une enucleation oculaire et
trois iridectomies (Fig. 3). Peu auparavant
llnstitut Nazareth avait ete fonde par les
Soeurs Grises pour venir en aide aux
aveugles. Le docteur Desjardins y fut ad
mis comme consultant medical; il examinait
les patients a llnstitut et les operait a
l’Hotel-Dieu.
Les archives des Soeurs Grises contiennent deux lettres qui etablissent la reputa
tion solide de Desjardins: “Vous savez
sans doute que le Dr Desjardins est revenu
d’Europe avec une renommee des plus
celebres pour la guerison des maux d’yeux.
Il en a fait des etudes toutes speciales et
depuis son arrivee, il soigne avec beaucoup
de succes. Il a ouvert ou il doit ouvrir sous
peu une espece de dispensaire a Nazareth,
ou il soignera les pauvres gratis.”®
Un mois plus tard, une autre lettre
mentionnait que: “La petite Soeur Moffat
de Lawrence est sous les soins de notre
celebre oculiste, le Dr Desjardins; il espere
guerir ses yeux, mais il dit que ce sera
long.”f
Desjardins fut en 1879 nomme par l’Universite Laval professeur titulaire d’ophtal
mologie; pour une courte periode cependant, car les evenements qui suivirent
l’installation de la Succursale de Laval a
Montreal conduisirent a une mesentente
complete. A la suite du president Pierre
Munro et de ses collegues de l’Ecole Vic“ Extrait d’une lettre ecrite par Soeur Roy, secre
taire, le 23 avril 1873 et adressee aux Soeurs
Grises de Toledo, Ohio. Copie de cette lettre est
conservee aux Archives Generales des Soeurs
Grises a Pierrefonds.
fExtrait d’une lettre ecrite par Soeur Stubinger,
secretaire de la Superieure Generale des Soeurs
Grises de Montreal, en date du 28 mai 1873 et
adressee aux Saeurs de Saint Boniface, Manitoba.
Copie conservee aux Archives Generales des
Soeurs Grises a Pierrefonds.
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Fig. 3.—Photocopie du registre de la salle d’operation de l’Hotel-Dieu 8, 11 et 20 novembre
1873.

toria (Fig. 4), Desjardins cessa d’appartenir
au corps professoral de Laval pour con
tinuer son allegeance a l’Ecole de Medecine et a l’Hotel-Dieu.
Le service d’ophtalmologie de ce dernier
hopital ne chomait guere; les statistiques
operatoires demontrent que du ler juillet
1879 par exemple au ler juillet 1880, le
docteur Desjardins a opere 59 cataractes,
fait 36 iridectomies et pratique 6 enuclea
tions d’un ceil.
Les activites d’Edouard Desjardins debordaient le champ de ses seuls actes
professionals; professeur d’ophtalmologie,
il avait, depuis 1872, participe avec interet
et devouement a l’enseignement de sa specialite. Titulaire et membre du Conseil de
l’Ecole de Medecine, il prit des le debut
de la querelle entre Laval et Victoria une
part active aux negotiations, aux missions
diplomatiques a Rome, Quebec et Montreal.
Des 1876, Desjardins porta un nouveau
fardeau; celui de delegue officiel de
l’Ecole aupres des autorites chargees de
resoudre le probleme universitaire: Laval
versus Victoria.
L’Institut ophtalmique fut fonde en 1883,

par les Soeurs Grises; Louis Edouard Des
jardins et son frere Guillaume-Henn en
furent les specialistes attitres; malheureusement a l’ete de 1883, survint la menace
d’excommunication suspendue sur la tete
des professeurs de l’Ecole, de leurs eleves
et des Communautes religieuses qui les
recevraient. Desjardins apprit un jour qu’il
serait sous peu considere comme rebelle,
s’il ne se soumettait pas aux injonctions
des autorites religieuses et que, dans ce
cas, le dispensaire ophtalmique ne pourrait
dorenavant plus l’accueillir.
Les relations etaient tendues entre les
deux facultes francophones de medecine a
Montreal; alors qu’en 1879, une entente
paraissait conclue, survinrent des compli
cations qui, au debut semblaient solubles,
mais qui a la longue s’avererent irreductibles. Le noeud du probleme residait dans
le desir de l’Universite Laval de Quebec
d’absorber l’Ecole de Medecine Victoria;
cette derniere avait toutefois des droits de
priorite, puisqu’elle oeuvrait a Montreal
depuis 1843.
La rivalite entre Quebec et Montreal,
les conflits de personnalites, le durcisse-
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Fig. 4.—Le dernier groupe des professeurs de TEcole de Medecine Victoria et des finissants
avant la fusion avec la Succursale de Laval a Montreal.

ment bilateral des positions conduisirent a
une rupture. II y eut menace de poursuites
judiciaires contre Laval par l’Eeole de
Medecine qui contestait la legalite de la
Succursale de Montreal. Les appels a
Londres, ou Laval esperait voir confirmer
ses droits a l’affiliation d’instituts provinciaux de haut savoir, le bill de Laval pre
sente et adopte par la Legislature pour
corriger les lacunes de la Charte Royale
de Laval, les memoires presentes a Rome
tant par Quebec que par Montreal, les
decrets de 1876, 1881 et 1883 acceptes par
l’Ecole sous caution, les delegations a Ot
tawa, a Londres et a Rome, la mission
Conroy, les polemiques violentes entre
ceux qui reclamaient au nom de la justice
et de 1equite et ceux qui leur repondaient
par: “Roma locuta est; causa finita est,”
tous ces demeles avaient conduit a une
attitude intransigeante. Devant la position

inebranlable des membres de TEcole, il y
eut a lete de 1883 une menace d’exclusion
de TEglise des membres de TEcole qui
refusaient de se soumettre. La situation
etait grave. Desjardins offrit de se rendre
a Rome plaider la cause de TEcole et de
ses serviteurs accuses d insubordination. II
quitta Montreal, muni des documents qui
attestaient Tauthenticite de sa mission. Il
se rendit immediatement a Rome, fort de
Tappui de leveque de Trois-Rivieres, Mon
seigneur Lafleche, du senateur Landry, de
1abbe Luc Desilets et de conseillers en
droit canon. Desjardins s’isola dans un
bureau de THotel Aliberti entoure de ses
consultants. Avec leur concours, il redigea
un memoire des difficultes encourues qu’il
presenta au Cardinal Simeoni. Non sans
peine, il gagna la partie, puisque le 24 aout
1883, arrivait au Canada le cablogramme
historique qui se lisait, selon la traduction
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franchise: “L’Ecole a propose au Pape une
reconciliation — Suspendez tout — Que
l’Ecole continue l’annee qui vient —J ecrirai — Simeoni.” A toutes fins pratiques, la
menace d’excommunication etait relevee
par Rome. Modeste, Desjardins attendit en
Europe que le calme revienne au pays
natal avant de retourner a son domicile de
la rue Bleury. Arrive a l’automne de 1883,
son retour passa inapergu, car il co'incidait
avec l’arrivee du Commissaire dom Smeulders. Le role de Desjardins n’etait pas
termine, car il fut choisi avec le docteur
d’Orsonnens pour presenter au delegue les
revendications de l’Ecole; ils eurent aussi
mission de contresigner l’entente qui mit
enfin d’accord, Laval et Victoria.
Ophtalmologiste renomme, professeur
competent, Desjardins fut invite a presider
la premiere seance du Congres de la
Societe francaise d’Ophtalmologie qui se
tint a Paris du 2 au 5 mai 1904. Il y presenta deux travaux, Fun sur letendue de
la vision chez les sourds-muets et l’autre
sur un cas exceptionnel de corps etranger
(fer) enfonce dans la region du corps
ciliaire depuis 20 ans.15,16
Temperament ardent, Desjardins fut toujours d’attaque; ceci lui valut des ripostes
parfois violentes de ses adversaires. Malgre
la vivacite de ses reactions, il sut conserver le respect et la sympathie de ses
adversaires. Il combattit avec loyaute et
“la delicatesse de ses procedes laissa intacte l’amitie qui Funissait a ses opposants
. . . Franc comme l’epee du roi, il supposait la meme franchise chez les autres”.1'
Il crut toute sa vie a l’honnetete, a la
droiture, au respect de Fequite et de la
justice. Sa science, son sens pedagogique,
son devouement a la cause de l’education
en firent un chef d’ecole. Ses eleves furent
nombreux; A. A. Foucher, fondateur du
Service d’Ophtalmologie a Notre-Dame, lui
dedia son magnifique Traite d’ophtalmooto-rhino-laryngologie, Jules Jehin-Prume
qui exerga a New-York, lui fit le meme
honneur pour une de ses plaquettes. Chretien-Zaugg, Albert Lasalle et J. N. Roy
lui furent egalement redevables de leur
formation.
Pionnier de l’ophtalmologie a Montreal,
professeur ecoute, diplomate averti et
heureux, Desjardins avait un temperament
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d’artiste, il adorait la musique et il occupait ses loisirs a l’harmonisation de vieilles
chansons canadiennes. Sous le pseudonyme
de “Bon Vieux Temps”, il publia 14 series
de ces chansons reunies en pots-pourris.,s
Il fut aussi tres attire par la musique religieuse. A l’occasion du centenaire du
Seminaire de Nicolet, il ecrivit un messe
de minuit sur de vieux airs de Noel.19
Chan tee a l’Eglise Saint-Jean-Baptiste
d’Ottawa, elle se merita les remarques
suivantes. “If midnight mass had not its
seal of piety one would have been under
the same melancholy impression while
listening to the old Christmas airs of which
Dr. Desjardins’ mass is composed; all
would have, like the French poet, ‘bowed
their heads on finding them so old’. Some
had completely escaped the memory, while
for others, it was a joy to seek and dis
cover through the variety of harmonies,
the waving of which always disguises, a
little, the natural air, while enriching it.
One remarked especially the end of the
Gloria which contains a phrase of a very
pretty style on the theme, ‘Il est ne le
divin enfant,’ and the ‘Incarnatus Est,’ set
with admirable art to the air of ‘Adeste
Fideles’. One of Dr. Desjardins’ principal
points of merit consists in his taste, and
happy choice of the Christmas airs which
by their tone and movement are best
adapted to the thought expressed.”20
Plus tot, Desjardins monta une operette:
“l’Amour Medecin”, qu’il fit jouer dans la
salle de musique du Saint Lawrence Hall;
a la maison (Fig. 5), il ne se lassait pas
d’entendre les duos qui reunissaient la
basse L. O. Taillon, ancien premier ministre du Quebec, et la soprano coloratura
Hortense Villeneuve. La carriere du pro
fesseur Desjardins a ete evaluee en termes
mesures par le vice-recteur de l’Universite
Laval de Montreal, quand il a dit: “Le
depart de ce maitre est ressenti par tous
avec le meme regret. Nous perdons un
specialiste tenu depuis longtemps en haute
estime dans le monde scientifique, un pro
fesseur methodique et disert, un coeur de
pere pour ses etudiants dont il se faisait
autant d’amis. Ouvrier de la premiere
heure, le docteur Desjardins fut toujours
un fervent de notre oeuvre universitaire,
pour laquelle il a, dans plusieurs circons-
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Fig. 5.—Maison, maintenant centenaire, situee sur l’avenue Saint-Louis de Terrebonne, ou durant
50 ans le docteur Desjardins passa ses vacances a poursuivre son hobby de compositeur.

tances difficiles, travaille ferme et remporte des victoires decisives. Des sa jeunesse, me disait un condisciple de son cher
college de Nicolet, il s’est montre un solide
et fier chretien, le plus aimable comme le
plus joyeux des compagnons.”21
Tel fut le premier ophtalmologiste fran
cophone de Montreal et lun des pionniers
de l’oculistique au Canada.
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LYMPHANGIOSARCOMA AND BREAST CANCER*
P. J. FITZPATRICK, M.B., B.S., D.M.R.T., F .F .R .,f Toronto, Ont.

L ymphangiosarcoma is a distressing, lethal

complication of the primary treatment of
breast cancer complicated by the swollen
arm. Although only 76 cases have been
described so far, this tumour has been
examined in a number of excellent re
views.1'4 Lymphangiosarcoma arises from
the lymphatic capillaries which proliferate
in an attempt to remove the excess fluid
from the arm. A similar tumour has been
described in association with edematous
limbs from other causes.1, 5 Stewart and
Treves,2 in 1948, described a patient who
developed multiple cutaneous lesions on
the arm and chest wall several years after
a radical mastectomy that was uncompli
cated except for lymphedema. One of
these lesions, which was biopsied, was de
scribed as “Kaposi’s sarcoma”. Because
certain features precluded complete accep
tance of this diagnosis, these authors re
viewed the records of women in their
breast clinic who had had a radical mas
tectomy complicated by a swollen arm and
found six more with similar cutaneous
lesions, which they took to be a type of
angiosarcoma. These tumours appeared, on
the average, 12/2 years after the breast
operation.
The purpose of the present paper is to
describe seven more women with this as
sociation— lymphangiosarcoma and breast
cancer. These seven cases, which represent
the total experience of the Ontario Cancer
Institute with this lesion since 1946, are
previously unreported. Because this com
plication is difficult to treat, I have ana
lyzed the experience of the Institute with
three objectives: to find some common fac
tors in its cause; to propose methods of pre
vention; and to make recommendations
concerning therapy. The Ontario Cancer
Institute is primarily a radiation-therapy
“Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Toronto, Ont., January 1968.
fAssociate in Therapeutic Radiology, University
of Toronto, and The Princess Margaret Hospital,
Toronto, Ont.

Fig. 1.—Tumour of the upper inner arm, the
commonest site of origin for lymphangiosarcoma.

centre and the management of these pa
tients was shared between the Institute
staff and the referring surgeons.
Typically, these lesions are encountered
clinically in the following setting: a well
patient, on her annual follow-up, is found
to have a raised, bluish area on the upper
arm (Figs. 1 and 2)—an arm that has been

Fig. 2.—Lymphangiosarcoma
whole arm and chest wall.

involving

the
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Fig. 3.—Photomicrograph of a biopsy section
showing the relation of tumour to skin (original
magnification x 45).

swollen since the initial breast treatment
and often has limited movement. On casual
examination this area might be mistaken
for a bruise, but it is indurated and often
contains multiple, purplish-red nodules.
Subsequently, over a period of weeks or
months, satellite tumours appear and it is
usually at this stage that a biopsy is taken
and a definitive diagnosis made. Untreated
old lesions ulcerate, new ones appear and
they spread, involving the whole arm and
often the chest wall. These lymphangiosarcomas metastasize to distant sites, particu
larly the lungs. Irrespective of treatment,
most of these patients succumb within
three years.

Fig. 4.—Photomicrograph showing a typical
tumour with new thin-walled vessels lined by
malignant endothelial cells which infiltrate the
tissues (original magnification x 256).
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The differential diagnosis rests between
trauma, Kaposi’s hemorrhagic sarcoma,
malignant melanoma, recurrent breast can
cer and lymphangiosarcoma.
The tissues that have been edematous for
a long time show increased amounts of col
lagen tissue together with proliferating
lymphatics and small blood vessels (Fig. 3).
There is perivascular lymphocytic infiltra
tion; both lymphatic and vascular capillar
ies contain red blood cells giving the early
tumour its characteristic bruised appear
ance. The thin-walled vessels are lined by
both normal and malignant endothelial
cells, the latter infiltrating adjacent tissues
(Fig. 4). Hemorrhages occur and the pleo
morphic cells, which show frequent mito
ses, may mimic anaplastic carcinoma. The
tumour is of multifocal origin and the early
invasion of vessels leads to widespread
metastases.
C linical M aterial

The details of stage, treatment and re
sults of treatment in our seven patients are
shown in Table I: in six, the breast tumours
were staged according to the Steinthal
principles— five were Stage I and one was
Stage II. In all these patients lymphangio
sarcoma developed in the swollen arm fol
lowing the primary treatment of breast
cancer. They were among 9019 patients
treated at the Ontario Cancer Institute
between 1946 and 1956; however, all were
found among the 3000 patients registered
in the decade before 1956. Thus, the inci
dence of lymphangiosarcoma following
breast cancer is low, but more such cases
can be anticipated from the group treated
since 1956 because of the long latent period
before lymphangiosarcoma develops.
Of the seven patients, all but one were
thought to have been cured of their breast
tumour; Mrs. M.C. (Case 6) developed an
axillary recurrence 16 years after her initial
treatment. Each patient had had a radical
mastectomy and postoperative irradiation
to the chest wall and regional nodal areas;
Mrs. L.M. (Case 5) had preoperative irra
diation in addition. In all the operations,
the pectoral muscles and axillary contents
were excised; unfortunately, postoperative
complications could not be assessed. The
radiation doses ranged from 4000 to 6500
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TABLE I.— S u m m a r y

of

S e v e n C a s e s S h o w in g t h e R e l a t io n s h ip B e t w e e n B r e a s t C a n c e r a n d
L y m p h a n g io s a r c o m a

Lymphangiosarcoma

Breast tumour
Treatment
Case
no.

Stage

Operation

Radiation

Edema*

i

I right

Radical
mastectomy

Postoperative

+ + +

2

- right

tl

tl

+ +

3
4

I right

It

it

I right
left

it

ft

(C

it

it

Preoperative
plus
postoperative

it

Postoperative

II left

5

6

I right

7

I left

Survival from
time of
diagnosis
(months)

Result
(years)

Age
(years)

First
site

No evidence
11
of disease

78

Upper
inner arm

34

it

82

ft

8

it

+ +

61

u

72

8

34

76

it

9

10

66

tt

15

+ Upper First recur 15
rence, right
arm
only
axilla

73

a

22

No evidence 9
of disease

64

Upper
outer arm

34

+ + +
+
+ +

tl

+ + +

It

9

it

* + ==mild; + + = moderate; 4- + + = severe.

rads in two to six weeks; all these women
developed radiation changes in skin and
soft tissue. In all but Mrs. M.C. (Case 6),
lymphedema was moderately severe or
severe. The mean age at radical mastec
tomy was 58 and the mean latent period
from primary breast treatment to the ap
pearance of lymphangiosarcoma was nine
years. In six, the first tumour was on the
upper inner arm, and in one, on the upper
outer arm. All died of their second malig
nancy after a median survival of 34 months
from diagnosis; only Mrs. M.C. (Case 6)

had proved evidence of recurrent breast
cancer when she died.
A nalysis

of

T reatment

The treatment of these seven patients is
summarized in Table II. In each patient,
the lymphangiosarcoma recurred quickly
within a few months and in an area or areas
adjacent to the primary site. Subsequently,
metastases appeared in the skin, particular
ly the chest wall, and in the lungs, liver and
bones (Table III). Unfortunately, because
none of these patients died in the Princess

TABLE II.— F i r s t P l a n n e d T r e a t m e n t

o f L y m p h a n g io s a r c o m a W it h R e s u l t a n d F u r t h e r
M anagem ent

Si!irvival from time
of diagnosis
(months)
Treatment

First recurrence
Case
no.

Planned
treatment

Months

Site

i

X T arm

3
3

Axilla plus chest wall
Lungs

XT
XT

34

2

Excision plus graft (18 months
from first symptom)

3

Upper arm plus graft

XT

82

3

X T upper arm

1

Mid-arm

XT

34

4

it

1

Forearm

XT

9

5

X T arm

8

Arm

XT

15

6

it

2

Right axilla

Excision plus
graft

22

7

it

6

Upper arm

XT

34

X T = radiation.
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TABLE III.—F u r t h e r

R

ecurren ces of
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L y m p h a n g io -

SA RCO M A AND T R E A T M E N T

C ase
no.

Subsequent
treatment

1

XT, stilbestrol

2

4

XT, vinblastine
sulfate
Amputation,
XT, thio-tepa
Nitrogen mustard

5

XT

3

6
7

—
XT, amputation

F urther
recurrence

Bone, skin, lungs,
liver
Forearm, chest wall,
lungs, liver
Forearm, arm, chest
Avail, lungs, liver
Arm, chest Avail,
lungs, bone
Arm, chest Avail,
lungs
Lungs, liver
Upper arm, chest
Avail, lungs, liver

Survival
fr o m tim e o f
d ia g n o sis
(m on ths)
34

82
34
9
15
22
34

XT =radiation.

Margaret Hospital, Toronto, and none
Fig. 6.—Case 7. Recurrence on the chest wall
came to autopsy, we cannot establish the
two months after forequarter amputation.
total extent of disease at death.
Forequarter amputation was considered developed symptoms of phantom limb.
in four patients but carried out in only two Within two months of operation, however,
because of the anticipated clinical course she had a recurrence on the lateral chest
of the chest-wall recurrence and the ap wall (Fig. 6) and, a few months later, she
pearance of distant metastases. Mrs. V.M. developed metastases in lungs and liver.
(Case 7, Fig. 5) is worthy of comment be She died eight months after the forequarter
cause after two years, the lymphangiosar- amputation.
coma, although it had recurred several
Mrs. A.S. (Case 2) had a different clinical
times, was still confined to the edematous pattern. Although her tumour was the
limb. After full investigation, including same histologically, it behaved differently
whole-lung tomography, which showed no from those found in the other six patients.
evidence of spread beyond the limb, fore She did not have any treatment until 18
quarter amputation was undertaken in the months after her first symptom of lymphhope of cure. The incision healed promptly angiosarcoma and it was 72 months before
and the patient adjusted well, although she a recurrence appeared in the axilla, which
then spread rapidly to involve the whole
arm, chest wall and distant organs. This
patient survived for 82 months from first
treatment and 100 months from the first
symptom.
Chemotherapy was used in three pa
tients in a somewhat random manner, the
agents including vinblastine sulfate, thiotepa and nitrogen mustard, but the dosage
and schedules used produced no benefit.
D isc u ssio n and C o n c lu sio n s

Fig. 5.—Case 7. Lympfiangiosarcoma of the
upper outer arm. Note the radiation changes in
the skin and severe lymphedema.

Only 6 of 76 patients with lymphangiosarcoma following radical mastectomy
for breast cancer reported in the literature
survived for more than five years without
evidence of tumour following treatment.®
Of these six, two had been treated solely
by irradiation, one by local excision and
three by extensive surgical procedures. One
of the irradiated patients was treated with
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intra-arterial injection of radioactive yt
trium microspheres. I do not know the
eventual outcome in these patients. With
the exception of these six patients, the
medial survival period was 18.6 months
after the onset of the sarcoma.6 The re
ported results are mainly in average figures
and for comparative purposes our statistics
are averaged too, but the more meaning
ful median survival figure is included. In
all 76 patients the average age at which the
breast cancer was treated was 53 years; the
lymphangiosarcoma developed nine years
later at 62 years-a latent period that
varied from 16 months to 24 years. In the
seven women in our series, the average age
at the time of radical mastectomy was 60
years; the lymphangiosarcoma appeared at
70 years after a latent period of 10 years.
TABLE IV.— S u m m a r y

op

Number
of cases

Princess Margaret Hospital
Literature

7
76

R esu lts

Five-year
survivors

1
5

Median
survival*
( months)

34
18.6

♦Time from diagnosis, which coincided with the first treatment
for lymphangiosarcoma.

The median survival from the diagnosis of
the lymphangiosarcoma was 34 months.
One patient, however, lived more than five
years (Table IV). In the literature, the few
recorded long-term survivors must have
had biologically more benign tumours and
been similar to our one long-term survivor,
Mrs. A.S. (Case 2).
The etiology of this type of lymphangio
sarcoma is unknown but chronic edema is
probably significant. The phases of its de
velopment are probably as follows: prolong
ed lymphedema during which lymphatics
proliferate to cope with the excessive fluid
in the arm; and, as in other hyperplastic
conditions, the multiplying cells occasional
ly escape from the body’s control and a
malignant process ensues. Six of our pa
tients had marked lymphedema which de
veloped soon after the mastectomy. In this
context it is interesting that angiosarcomas
have been described in limbs edematous
from other causes (Fig. 7).1 ,5 Stewart and
Treves2 postulated that a systemic carcino
gen was operating because four of six pa
tients in their series had other tumours. As
far as I can determine none of our patients
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had other tumours in addition to breast
cancer and lymphangiosarcoma.
Because lymphangiosarcoma is consider
ed to be incurable by any present mode of
therapy, attention must be focused on the
best type of palliation. In the past, pallia
tive treatment, including various surgical
resections, radiation and chemotherapy,
has given disappointing results. In our ex
perience none of the treatments altered the
eventual prognosis although irradiation
produced some local control. Our median
survival was nearly twice as long as those
reported in the literature although the
series is too small to be of any statistical
significance. In view of the fact that the
tumour involves the whole arm, limited
treatment is useless. Because the tumour is
moderately radiosensitive, I recommend
that radiation be given using large fields
that include the whole arm from wrist to
shoulder. A dose that is free of significant
morbidity is 3500 rads to the whole arm
given in three weeks, supplemented by
1500 rads in a single treatment to the
known tumour sites, bringing the tumour
dose to 5000 rads. Limited irradiation can
be repeated and useful palliation obtained.
Because the tumour is multifocal, local ex
cision is pointless and wide excision with
skin graft difficult because of edema. Fore
quarter amputation is formidable and, in
my opinion, when there is no reasonable
chance of cure, should be done only when

Fig. 7.—Lymphangiosarcoma in an edematous
leg of many years’ duration.
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the patient has a painful, useless limb. It
seems unlikely that chemotherapy will be
effective, although in the light of recent in
formation7 the drug, dosage and regimen
used in our patients is now considered to
be inadequate. Following administration of
chemotherapeutic agents, Eby, Brennan
and Fine8 reported that these tumours re
gressed but this improvement lasted less
than two months.
Lymphangiosarcoma can be prevented
by avoiding lymphedema. In early breast
cancer, the prognosis is independent of the
method of treatment:9 11 equal results are
achieved by radical mastectomy, modified
radical mastectomy, simple mastectomy or
local excision with postoperative irradia
tion. Lymphedema, a serious complication
of treatment, is more likely to follow Halsted’s classical operation, and the risk of
this complication increases if the axilla is
irradiated postoperatively. The incidence
of lymphedema after radical mastectomy
ranges from 13% to 57% .12 The swelling
varies from a small increase in the width
of the upper arm to gross swelling of the
whole arm and hand, producing discomfort
and interfering with movement and func
tion. Chronic, massive edema of the arm is
more common in women who have positive
axillary nodes, delayed wound healing,
secondary infection, obesity, or thrombo
phlebitis in addition to operation and ra
diotherapy. Thus, in treating curable breast
cancer, we must be careful to avoid opera
tive and radiotherapeutic techniques that
lead to lymphedema and indirectly to the
development of this highly malignant,
lethal tumour.
My thanks go to the clinical staff of The Prin
cess Margaret Hospital, Toronto, who have treat
ed these patients and to Dr. T. C. Brown for
providing the histological sections; to Mrs. Helen
Wort on and Miss Doris Hunter who performed
the secretarial tasks admirably, and to members
of the Department of Medical Photography who
produced the slides and tables.
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R esu m e
Le lymphangiosarcome, une complication rare
du cancer du sein, apparait dans le bras cedematie apres mastectomie totale. On n'a jusqu’a
present rapporte que 75 cas. Le present article
fait etat de sept nouveaux cas trouves parmi les
9019 malades enregistres au Ontario Cancer In
stitute entre 1946 et 1966. On fait remarquer que
les sept cas se trouvaient tous parmi les 3000
premieres malades, probablement parce que le
lymphangiosarcome ne se manifeste qu’apres une
periode latente de 10 ans. Six des sept malades
paraissaient gueries de leur cancer du sein. La
tumeur apparait initialement sous forme d ’ecchymose sur le bras. Ensuite des nodules multifocaux,
gagnent 1 avant-bras et la poitrine; des metastases
peuvent se produire, surtout aux poumons. La
survie moyenne, a partir du moment ou le diag
nostic de sarcome est etabli, est de 34 mois.
Seulement une malade a survecu plus de cinq
ans. La chirurgie, la radiotherapie et la chim iotherapie n’ont guere influence le cours de la
maladie, mais la radiotherapie a ete utile pour
enrayer localement la tumeur. Les methodes
actuelles ne nous permettant pas de guerir le
lymphangiosarcome, il nous faut trouver des
moyens d ’empecher l’apparition de cette tumeur
rare et fatale.
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SIGNIFICANCE OF CONTRALATERAL AXILLARY METASTASES
IN CARCINOMA OF THE BREAST0
J. E. DEVITT, M.D., C.M., M.Sc., F.R.C.S.[Edin. & CJt and
A. W . M ICHALCHUK, M.D., Ottawa, Out.

ment for carcinoma of the breast was
started between 1946 and 1961 (inclusive).
The Clinic and these patients have been
described in detail previously.4 6 These pa
Biologically, such metastases indicate tients can reasonably be regarded as a
that there is direct lymph drainage from typical population of breast cancer victims.
Since contralateral, axillary, lymph-node
the breast to the opposite axilla. At the
turn of the century, according to Haagen- metastases are seldom operated upon, and
sen,1 Oelsner showed that, in two of nine few of these patients came to autopsy, the
patients, cutaneous lymphatics of the breast diagnosis was based on the findings at fol
drained to the opposite axilla. Tumer- low-up clinical examinations. The examina
Warwick2 could not find such drainage in tions were done by the various radio
the normal breast, but Kreel and George3 therapists, surgeons and internists who
demonstrated contralateral, axillary lymph have made up the Clinic s breast cancer
drainage after radical mastectomy. It has team since 1946. No patients were included
been suggested that lymph drains to the in whom there was clinical evidence of a
opposite axilla after the ipsilateral lym tumour in the associated breast.
phatics becom e obstructed by tumour,
O bservations and D iscussion
operative procedures or irradiation,2 and
that malignant cells can spread through the
In 52 of these 1440 women (3.6%), con
deep lymphatic fascial plexus beneath the tralateral, axillary, lymph-node metastases
opposite breast.1
were recognized. Since the examination of
Therapeutically, no recommendations the opposite axilla may have been cursory
have been made by the few authors who in some of the patients with advanced re
have acknowledged the existence of these current or metastatic disease, the incidence
lesions.
may have been higher. According to
Because so little information is available Haagensen,1 contralateral, axillary meta
about the contralateral, axillary metastases stases were recognized on clinical examina
of breast cancer, the experience of the tion in 4.2% of patients with breast cancer.
Civic Hospital Division of the Ottawa
Clinic of the Ontario Cancer Foundation TABLE I.— C o n t r a l at e r a l , A x il l a r y , L y m ph was reviewed, seeking some understanding N ode M etastases in R elation to O ther M a n i 
festations of B reast C ancer
of the biological significance of such meta
Number of
stases. From such studies more appropriate
patients
therapy for this form of breast cancer may
Simultaneous with primary tum our... .
2
emerge.

I n patients with breast cancer, contra
lateral, axillary, lymph-node metastases
have biological and therapeutic signifi
cance.

M aterial

and

M ethod

The review included each of 1440
women reported to the Civic Hospital
Division of the Ottawa Clinic of the On
tario Cancer Foundation in whom treat“ From the Civic Hospital Division, Ottawa Clinic,
Ontario Cancer Foundation, and the Division of
Surgery, Ottawa Civic Hospital, University of
Ottawa, Ottawa, Ont.
fDepartment of Medical Education and Research,
Ottawa Civic Hospital, Ottawa 3, Ont.

At first recurrence....................................
With local recurrence.....................................
With distant metastases................................
After local recurrence....................................
After distant metastases...............................

"
3
14
10

Table I shows that these lesions can
appear simultaneously with the primary
tumour, as first recurrences, at the time of
other local recurrences or distant meta
stases, or after the appearance of other
local recurrences or distant metastases.
Only 18 of the 1440 patients developed
these metastases as the first reactivation of
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TABLE II.—R ela tio n

of

179

C ontralateral , A xillary M etastases (CAM) to t h e I n itia l C lin ic a l
S tage *

Median time between
.
Incidence
initial treatment and
Presenting
of CAMf
development of CAM
sta9e
{%)
(months)
{range)
I
(a)
2.3
74
5-120
II
(b) 3.9
32
6-76
III
(c) 5.6
9
3-79
*Two patients with new primary tumours and two Stage IV patients were excluded.
ta = 17 of 734; b = 14 of 355; c = 17 of 303.

the breast cancer. In six of these women,
the remaining breast was removed even
though there was no clinical evidence of
tumour in it. A tumour was found on
pathological examination in only two of
these. (These two are excluded from all
subsequent discussion of biological signifi
cance.) Thus, two-thirds of the patients
who developed contralateral, axillary,
lymph-node metastases had (or had had)
other evidence of uncontrolled breast
cancer.
The development of contralateral, axil
lary metastases was a particularly ominous
event. All but three of the women have
died, and the three survivors each have
had other evidence of inadequately con
trolled breast cancer. The poor prognosis,
however, is not due to the contralateral,
axillary metastases because in one-third of
the patients, these metastases appeared
with or after other distant metastases, in
one-third with or after local recurrences,
and in only one-third were they the first
evidence of reactivated disease. A similar
observation has been made concerning
homolateral, axillary, lymph-node recur
rences.* Thus, contralateral, axillary,
lymph-node metastases should be viewed
as evidence of an adverse change in the
tumour-host relationship, rather than as
sites from which the further spread of
breast cancer can occur.
Table II shows that patients presenting
with lesions in the more advanced clinical
stages had a higher incidence of contra
lateral, axillary, lymph-node metastases
than did women with earlier lesions: the
more advanced tumours developed earlier
and the patients died sooner. This observa
tion suggests that tumours that present in
the more advanced clinical stages are
biologically more “aggressive" than those
in the less advanced stages. (This concept

Median survival
after CAM
{months) {range)
24.0
3-75
10.5
2-47
8.0
1-48

has been discussed elsewhere.6) Tumour
aggressiveness, then, is an important factor
in determining the occurrence and beha
viour of contralateral, axillary, lymph-node
metastases.
The late appearance of metastases in the
opposite axilla in some patients and the
long survival of some patients after such
metastases emphasize the ability of some
women to live “in peaceful coexistence”
with incompletely controlled tumours. Late
homolateral, axillary, lymph-node recur
rences have also been described.3
The location, in the breast, of the origi
nal tumour bore no relation to the devel
opment of a contralateral, axillary meta
stasis. Table III shows that, in these 50
TABLE III. — S ite

of

O rig in a l T u m o u rs *

Number of
e
patients
Outer..........................................................
28
Central (subareolar, 6 and 12 o’clock
positions)...............................................
8
Inner...........................................................
9
Whole.........................................................
2
Unknown...................................................
3
‘Two patients with new primary tumours excluded.

patients, the distribution of the primary
tumours was normal.1 If direct lymphatic
spread from the skin of the inner one-half
of the breast or the areola was the chief
cause of contralateral, axillary metastases,
most of the women in this series should
have had medially located primary tu
mours.
Forty-nine of the 52 patients have died
of their breast cancer. The remaining three
have or have had other evidence of meta
static disease. Six patients in whom contra
lateral, axillary metastases were the first
evidence of reactivation, underwent
mastectomy even though no tumour was
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palpable in the breast. In only two of these
did the pathologist find a tumour; both of
these women died of metastases— one after
8 months, the other after 16 months.
In view of the eventual outcome in these
women, it is clear that patients who de
velop contralateral, axillary metastases
cannot be cured. Therefore, if no tumour
is palpable in the breast, mastectomy is
contraindicated. Therapy— whether local
resection, local radiotherapy, endocrine
therapy, chemotherapy or masterful inac
tivity— is chosen that will provide the best
palliation for the whole woman and her
disease. In any event, these metastases are
not sources of major morbidity and only
simple measures are warranted.
Su m m a r y

Of 1440 patients with breast cancer fol
lowed for a minimum of six years, 52 de
veloped contralateral, axillary, lymph-node
metastases. These were detected on clinical
examination.
“Tumour-host potential” appeared to be
more important than direct lymphatic
channels in determining the development
of these metastases.
The treatment of patients with contra
lateral, axillary metastases should never be
more than palliative.

IN V IT R O C O N SE R V A TIO N O F
T H E K ID N E Y
T h e only acceptable criterion to test the
efficiency of a method of in vitro preservation
of the kidney is the function of the implanted
kidney in the same dog, removing the contra
lateral kidney at the tim e of implantation of
the first kidney. T h e following preservation
methods have been investigated: (1) hypo
therm ia; (2) hypothermia com bined with
hyperbaric oxygen; (3) hypothermia and per
fusion with Ringer’s lactate solution; and (4)
hypotherm ia and perfusion with diluted, homo
logous, oxygenated serum.
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R esum e
Sur les 1440 malades souffrant de cancer mammaire qui ont ete suivies pendant au moins six
ans, 52 ont presente des metastases des ganglions
axillaires contra-lateraux (MGAC) qui ont ete
diagnostiquees lors d’un examen cfinique. Ces
MGAC etaient survenues auparavant, co'incidant
avec ou survenant apres d’autres signes locaux ou
eloignes d’une reactivation du cancer mammaire.
On a note que les malades qui souffraient de
tumeurs primaires dans leurs phases tardives
avaient plus de chances de presenter des MGAC,
que celles-ci apparaissaient plus tot et que la
survie etait abregee. Chez aucune des _malades
ayant des MGAC, le cancer mammaire n’avait pu
etre enraye. Ces metastases axillaires n’avaient
aucune relation avec le siege de la lesion mam
maire primaire. Les auteurs en ont conclu que le
“potentiel tumeur-hote” jouait un role plus im
portant que celui des voies lymphatiques directes
dans l’apparition de ces metastases. C’est pourquoi
le traitement de ces cas ne doit jamais depasser
le stade de la palliation.

Even when the kidney is cooled to a tem
perature of 4 °C ., the metabolism of the iso
lated organ is not reduced to zero. After
perfusion for 6, 17 or 2 4 hours, the kidneys
are macroscopically normal. H istological ex
amination 2 4 to 4 8 hours after implantation
has shown abnormality in each case, vascular
congestion, and arterial and arteriolar lesions.
The best results have been obtained with the
perfusion with oxygenated, diluted, homologous
serum at 12°C . hypothermia, but even in this
series only two of four dogs survived the pro
cedure.— W uyts, J. L. et al.: L a conservation
in vitro du rein. Etude experimentale de quelques precedes, L y o n C hir., 64: 7 7 0 , 1968.
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NORMAL RANGES OF IN TERVERTEBRA L-JO IN T MOTION
OF TH E CERVICAL SPIN E0
S. K. BHALLA, M.B., B.S., B .S c .(M e d ), F.R.C.S.[C] and
E. H. SIMMONS, M.D., B .Sc.(M ed .), M .S.fT or.), F.R.C.S.[C], F.A.C.S.,

Toronto, Ont.
A lthough considerable work has been
done to record the total range of motion
of the cervical spine, our knowledge of
intervertebral-joint motion is still incom
plete. Ferlic1 developed a quantitative
method for measuring the total range of
motion in the cervical spine, using reflected
shadows from the head when it was fitted
with a metallic helmet. A pointer is fixed
to the helmet which in turn is fixed to the
subject’s head. The patient stands before a
horizontal and vertical grid and the range
of motion is then recorded by measuring
the deflection of the pointer during various
movements of the neck. A bright light is
used so that the movement of the pointer
is measured by the oscillation of its
shadow on the grid. Ferlic measured the
range of motion in 199 subjects who had
no cervical complaints. The age range in
his study was between 15 and 74 years.
His method is elaborate and although it is
an excellent research tool, it is not con
venient for office practice. He found that
the total range of motion in flexion and ex
tension was 127° (mean value), lateral
bending 73°, and rotation 142° from right
to left. Overall motion decreased by 21%
during the six decades studied.
Jackson2 described a clinical method of
measuring the total range of motion in the
cervical spine using a protractor attached
to a headband (Cervigon MK 2). The total
range of motion in various directions that
she reported is approximately the same as
that described by Ferlic.
Although these studies indicate the total
range of movement in the cervical spine,
the range of motion between the indi
vidual vertebral bodies at different levels
has not been ascertained. The medical
“From the Department of Surgery, University of
Toronto, and the Orthopedic Department of the
Toronto East General and Orthopaedic Hospital,
Toronto, Ont.
Supported by a grant from the Rehabilitation
Foundation for the Disabled of Ontario, and the
Toronto East General and Orthopaedic Hospital
Research Foundation.

literature is lacking in this aspect of the
normal anatomy of the cervical spine.
I loliF described the normal motions of the
upper portion of the cervical spine at the
atlanto-occipital and atlantoaxial joints.
Fielding4’ 5 described normal and selected
abnormal motions of the cervical spine
from the second to the seventh cervical
vertebra, based on cineradiography. He in
dicated that, occasionally, adults who have
not had previous trauma or neck disability
have more motion in flexion between the
fifth and sixth cervical vertebrae than at
other levels. Exact measurement of ranges
of motion by cineradiography is difficult
because the image on the screen is ever
changing and magnified.
In recent years, greater emphasis has
been placed on the movement at individual

Fig. 1.—The head attachment for the roent
genogram plate stand; the plate holder slides into
position.
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Fig. 2.—Close-up of the head holder showing the attachments that allow the position of the head
to be adjusted.

levels. Excessive movement has been used
as a criterion to identify the level or levels
from which symptoms are arising, and thus
to indicate the site for fusion.6 For this
reason, the following clinical and experi
mental study was carried out to calculate

the normal range of motion at individual
levels.
The purpose of this study was to record,
objectively, the normal ranges of motion at
the different intervertebral-joint levels of
the cervical spine from C2-T1. This we

Fig. 3a
Fig. 3b
Fig. 3.—(a) Subject with the apparatus holding the head firmly in the neutral position, (b) Lateral roentgenogram in the neutral position. The extension angulation of each cervical vertebra in
relation to the first thoracic vertebral body is indicated by the inked lines.
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Fig. 4a
Fig. 4b
Fig. 4.—(a) Subject with the head in flexion, (b) Lateral roentgenogram of the same subject
in flexion.

have endeavoured to do in normals and we
then corroborated this by the same study
in specimens that covered all age groups.
The results of the two studies paralleled.
C linical Study

In the usual roentgenograms of the
cervical spine in flexion and extension,
there is often an element of rotation of the
vertebral bodies which makes it difficult to
measure the correct degree of movement.
Also, due to variation in distance of the
cervical spine from the radiographic plate,
there is a variable magnification factor in
each film.
To eliminate significant rotation of the
head during flexion and extension of the
cervical spine, and to maintain a constant
distance between the spine and the radiographic plate, we designed a simple ap
paratus, which was attached to the radiographic film stand and was easily adjusted
around the head. This apparatus (Figs. 1

and 2) consisted of two cups: the outer one
was fixed 16 inches from the radiographic
plate—a distance found to give the best
roentgenograms in this study; the inner
cup was adjusted according to the size and
position of the subjects head. The subjects
were volunteers, student-nurses between
18 and 23 years of age who had no obvious
neck abnormalities or history of previous
trauma. In each subject, three roentgeno
grams were obtained in the neutral, flexion,
and extension positions of the cervical
spine (Figs. 3-5). By keeping the distance
from the head to the radiographic plate
constant and the focal length fixed, the
magnification factor was largely eliminated.
Also, the rotation in the three views was
minimal because the head was fixed by the
two cups. Our anatomical definition of the
neutral position was that in which a
straight line connecting the mastoid process
and the second thoracic vertebral body
passed through the lumbosacral junction.
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Fig. 5a

Fig. 5b

Fig. 5.—(a) Subject with the head in extension, (b) Lateral roentgenogram of the subject in ex
tension.

Movement at individual levels was mea
sured on the three roentgenograms of each
subject. To determine the range of motion
in any part of the body, one must know
the “plane” or “axis” of motion— the “line
of zero velocity” . This was studied in dis
sected specimens, and was found to pass
through the origins of the various nerve

roots. When this finding was applied to the
roentgenograms of the 20 “normal” sub
jects, it was found that, for practical pur
poses, the line of zero velocity passed
along the posterior margins of the verte
bral bodies.
First, the average angulation at various
levels was measured in the neutral posi-

T A B L E I.— A v e r a g e R a n g e of A n g u l a t io n a t V a r io u s L e v e l s in t h e C e r v ic a l S p in e (C2-T1) i n 20 N o r m a ls ( in D e g r e e s )
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C 7-T 1 Neutral
Extension

7

April 1969

ORIGINAL ARTICLE

T A B L E II. — R a n g e

of

185

M o v e m e n t a t V a r io u s L e v e l s in t h e C e r v ic a l S p in e (C2-T1) i n F l e x i o n a n d E x t e n s i o n i n 20
N o r m a l s (i n D e g r e e s )

t
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tion. As shown in Figs. 3b, 4b and 5b,
intersecting lines were drawn along the
posterior borders of the various vertebrae
from T1 upwards, and the angulation at
each level was calculated, relative to the
posterior margin of the vertebral body of
T l. T1 was selected as the first stable
vertebra.
Measurements were carried out between
C2 and T l because the motion at the two
levels above C2 is well documented.1' 5
The average angulation at each level is
shown in Table I.
To determine the range of motion, the
angle at each level was measured on the
roentgenograms in flexion and extension.
The total range of movement from the
fully flexed to fully extended positions in
these 20 normal subjects was calculated
(Tables II and III). The average range of
flexion and extension for each level is
shown in Fig. 6. The same figures can be
obtained in consecutive trials on the same
patient. This was demonstrated several
times during the study when more than
one set of radiographs was done during
the course of our evaluation and the de
velopment of the technique.
T A B L E I ir * ~ A v erag e R a n g e
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7
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E x p e r im e n t a l St u d y

In addition, studies were carried out on
dissected specimens o f the cervical spine
from which the musculature had been re-

Fig. 6.—Average range of flexion and extension
(in degrees) at each vertebral level in 20 normal
adults.

moved. Each specimen was prepared by
inserting radiopaque metallic pins both an
teriorly and posteriorly to record the range
of motion, and the specimen was then

T o t a l M o v e m e n t F r om F l e x io n t o E x t e n s i o n P o s it io n a t V a r io u s L e v e l s IN THE
C e r v ic a l S p in e (C 2-T1) in 20 N o r m a ls ( in D e g r e e s )

Level

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

C2-3

9

8

10

10

9

9

9

8

9

8

9

9

10

10

9

7

8

8

8

9

9

C3-4

13

17

13

15

13

16

17

17

13

17

13

16

15

17

17

17

14

16

16

14

14

20 Average

C4-5

22

24

22

24

22

23

23

23

22

24

22

23

24

23

24

19

22

26

24

22

22

C5-6

19

20

19

18

19

18

20

18

19

20

19

18

18

20

24

20

19

19

19

19

18

C6-7

18

20

18

19

19

19

18

19

18

20

18

19

19

18

17

18

18

17

19

15

19

C7-T1

12

8

10

10

9

9

11

11

9

8

10

12

10

9

12

9

13

11

10

10

10

Total

93

87

82

86

91

84

98

86

80

97

91

97

96

97

103

90

94

97

96

89

92
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Fig. 7a
Fig- "b
Fig. 7.—(a) Enlarged cineradiographic exposure of a dissected cadaver specimen mounted in the
stress machine in flexion. Metallic radiopaque pins have been fixed into each vertebra anteriorly and
posteriorly, to record the range o f motion, (b) The same specimen in extension.

mounted in a stress machine. The ranges
of flexion and extension were recorded
cineradiographically. Every fifth frame of
the film was enlarged and printed, and the
range of movement studied in the fully
flexed and extended positions (Fig. 7). The
ranges of motion in the fresh cadaver
specimens corresponded consistently to the
ranges of motion recorded radiographically
in the 20 living normal individuals.
R esults

It was found that there are only two
levels, C6-7 and C7-T1, where there is
greater movement during extension than
during flexion from the neutral position. At
all other levels, C2-3, C3-4, C4-5 and C5-6,
the movement is greater during flexion.
At C7-T1, the movement in flexion was
negligible while there was a fair range of
motion during extension. Also, it was ob
served that the maximum range of total
movement occurred at the C4-5 level.
Analysis of motion at individual levels

shows that, at the C5-6 level, the average
range of flexion is 15° and of extension,
3°. In clinical practice the C5-6 level is
that most commonly fused.7-9 This may be
related to the fact that, in most extension
and extension-flexion injuries, the C5-6
level may be vulnerable to injury because
its range of extension is limited. One might
postulate that, if the initial trauma forces
the neck into flexion, injury will occur at
a level where there is less motion in
flexion (greater motion in extension), that
is C6-7 and C7-T1. On the other hand, if
the initial trauma extends the neck, injury
will occur at a cervical level where there
is less motion in extension (greater motion
in flexion), that is at C2-3, C3-4, and C5-6.
D iscussion

It appears that the criterion used by
some authorities to select the level for
fusion— the site of maximum motion— may
be misleading. If this criterion has value
it would appear important to determine
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not only the level at which maximum mo
tion occurs, but to compare this with the
motion noted in normals. In extension in
juries of the cervical spine, it appears that
the C2-3, C3-4 and C5-6 levels are most
vulnerable because from the neutral posi
tion, their range of extension is limited.
Conversely, in flexion injuries of the cervi
cal spine, the C7-T1 level should be the
most vulnerable because its range of flexion
from the neutral position is limited. W e
do not suggest that the range o f motion
should be taken as an indication for sur
gery in older people. One of the purposes
of this paper is to point out that this is a
dangerous fallacy. In our opinion, clinical
assessment supported by discography, per
formed with the patient awake, is still the
most reliable method of identifying the
level or levels of the cervical spine that
are producing symptoms.
Su m m a r y

The normal range of motion of the
cervical spine at each intervertebral level
between the second cervical and first
thoracic vertebrae has been calculated in
20 normal individuals.
A simple radiographic technique was
used to determine the range of motion at
each level. A simple apparatus was spe
cially devised to control rotation and mag
nification.
The average range of flexion and exten
sion was determined from the neutral
position at each level.
The clinical significance of these findings
is discussed in relation to cervical spine
injuries, with respect to the recognition of
abnormal areas of mobility.
The authors would like to acknowledge the in
valuable assistance given by Mr. Henry Garside
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of the St. Joseph’s Hospital Research Foundation,
Toronto, in the mechanical studies described in
this paper.
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R esum e
Les auteurs ont calcule l’echelle de la mobilite
normale de chaque articulation inter-vertebrale a
partir de la seconde vertebre cervicale jusqu’a la
premiere vertebre thoracique; les mesures ont ete
faites sur 20 individus normaux. La mobilite de
chaque articulation a ete mesuree par une tech
nique radiographique simple, un appareil d’emploi
facile, invente par les auteurs, controlant la rota
tion et le grossissement.
L ’echelle moyenne de la flexion et de l’extension a partir de la position neutre a ete determinee a chaque niveau. Les auteurs discutent la
signification clinique de leurs deeouvertes par
rapport aux lesions des vertebres cervicales; elles
aideront a identifier les regions a mobilite anormale.
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M YO ELECTRIC STUDIES ON THE TIBIA LIS ANTERIOR MUSCLE
IN BELOW-KNEE AM PUTEES0
F . R. TUCKER, M.D., M .Ch.O rth.(Liverpool), F.R.C.S.JEdin. & C],
W . IV EY, B .E .E . and J. FOORT, M .A.Sc.(Tor.),t W in n ipeg, Man.

A l t h o u g h myoelectric control systems have

an assured role in prosthetics, several
problems remain unsolved. One important
problem that cannot be solved by engineer
ing skill or technical refinement is the
availability of ideal control sites. A myo
electric control system requires one or
more muscles, which are subject to good
voluntary control but are not required for
frequent bodily movements. For cosmetic
reasons this muscle should be relatively
inconspicuous. Below-elbow amputees pos
sess many suitable muscles for myoelectric
control and the natural activity of the
flexors and extensors of the forearm is to
produce the motions required in the pros
thetic hand. These factors account for the
success of “the Russian hand”. Above
elbow amputees, however, have lost not
only the elbow joint, whose function must
be replaced, but also the good myoelectric
control sites afforded by the forearm
muscles.
In above-elbow amputees the most suit
able muscles for myoelectric control pur
poses are the biceps and triceps brachii.
The disadvantage of these muscles is that
the biceps and long head of the triceps
have scapular attachments and are activat
ed during movements of the shoulder joint.
The shoulder musculature, when it is
called into action, causes unwanted opera
tion of the controlled devices (powered
hook, wrist or elbow). This is the major
reason why myoelectric control systems
have not been used extensively or effici
ently on high-level upper-extremity ampu
tees.
R. N. Scott of the Bio-Engineering In
stitute, University of New Brunswick,
consulted us about the problem. As a solu
tion, we suggested that a muscle or part

%

Fig. 1.—The University
Myoelectric Trainer.

of

New

Brunswick

of a muscle be isolated to create “neutral”
or “non-articular” muscles in the stump.
With training, these “surgically neutral
ized” muscles might then remain inactive
except when, on command, they would
operate the controlled devices. Would such
a muscle still retain good voluntary con
trol? Would atrophy be a serious problem?
Would the muscle still contract when the
joint is moved?
E x p e r im e n t a l P ro ced u re

“From the Prosthetics Research Unit, Manitoba
Rehabilitation Hospital, Winnipeg, Man.
Research funds provided by a National Health
Grant, Department of National Health and Wel
fare.
-(■Technical Director, Prosthetics Research Unit,
Winnipeg, Man.

As a preliminary, we decided to investi
gate the activity of the anterior tibial
muscle group in below-knee (shank) ampu
tees. These muscles are surgically neutral
ized and, in addition, function phasically,
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automatically and synchronously with
other limb muscles.
The studies were carried out on 6 normal
subjects and 20 below-knee amputees.
W e evaluated the performance of the
pre-tibial muscles as myoelectric control
sites using the University of New Bruns
wick “Myoelectric Trainer Mark I” (Fig.
1)— a device which indicates two levels of
muscle activity by turning on coloured
lights. We modified it to produce audible
tones as well, so that the subject did not
have to watch the lights during training
and testing. The myoelectric behaviour of
the muscles under study was recorded
using a single-channel electromyograph
Which consisted of a preamplifier, oscillo
scope and camera (Fig. 2). Beckman sur
face electrodes, applied with Beckman

Fig. 3.—Placement o f electrodes on a below knee stump.

Fig. 2.—Apparatus for taking electromyograms.
The preamplifier is in the base of the cart.

electrode jelly, were spaced one inch apart
over the belly of tibialis anterior and held
in place with an Elastoplast bandage (Fig.
3). T o allow the subject to walk about
freely, the myoelectric signal was con 
ducted from the subject to the trainer or
electromyograph by a cable riding on an
overhead trolley. The surface electrodes
recorded predominantly the activity o f the
tibialis anterior but some small potentials
from the other pre-tibial muscles were
also detected.
In the test procedure, the electrodes
were applied and the subject put on his
prosthesis in the usual fashion. He then
received five minutes of instruction on the
use o f the myoelectric trainer. After this,
the subject was asked to turn on the first
threshold (amber light or low-pitched tone)
for a count o f five; relax and then main
tain the second threshold (red light or
high-pitched tone) for a count of three. If
the test subject could achieve this level of
performance, he was rated “good” . If the
subject could perform this test, but not
hold the lights or tones steady, the per
formance was rated “fair”. If the subject
was unable to achieve this degree o f m yo
electric control, he was rated “poor” .
In the second part of the test we re-

THE CANADIAN JOURNAL OF SURGERY

190

Vol. 12

corded the myoelectric activity of the
tibialis anterior during level walking, using
the oscilloscope and camera. W e also ob 
served whether muscle activity was re
corded in turning, mounting a step, hold
ing the prosthesis off the floor or regaining
balance after the subject had been given
a slight backward shove.
R esults

The performance of all normal subjects
on the myoelectric trainer was good. They
exhibited phasic activity of the tibialis an
terior similar to the typical electromyogram
(Fig. 4). All showed a burst of activity

Fig. 5.—An electromyogram from a below-knee
amputee shows no activity during walking (bumps
and ripples are due to changing pressure on the
electrodes inside the socket).

ing the prosthesis off the floor. In 60% of
the amputees, the muscle was phasically
active at every step. A typical electromyo
gram (Fig. 6) is similar to the electromyo-

Fig. 4.—Electromyogram of the tibialis anterior
from a normal subject during level walking. Note
the phasic activity (time scale—0.2 seconds per
division).

when unbalanced by a slight backward
push on the shoulders.
Seventy per cent of amputees displayed
good myoelectric control. Only two ampu
tees (10%) performed poorly; one was a
hemiplegic and the other a psychiatric
patient. The performance of voluntary
control is recorded in Table I.
In 40% of amputees, the muscle was
phasically inactive (Fig. 5), exhibiting small
bursts of activity only on turning or holdTABLE

I . — M y o e l e c t r ic C o n t r o l P e r f o r m a n c e
B e lo w -K nee A m putees

Time since
amputation
(years)
Less than 1 ......................
1 - 2 ................................
2 - 3 ...............................
Mo r e than 3 ...................
T o t a l.................................

Number of
amputees

Good

5
6
5
4
20

3
4
3
4
14

Age spread 17 to 84 years; median 50 years.

Fair
1
2
1
—
4

in

20

Poor
1
—
1
2

Fig. 6.—Electromyogram from a below-knee
amputee displaying phasic activity during level
walking.

gram from a normal subject. In almost
every amputee who exhibited phasic ac
tivity of the tibialis anterior during walk
ing, we could elicit a burst of activity from
the muscle by pushing backwards on the
subject’s shoulders.
The important factor governing the be
haviour of the pre-tibial stump muscles in
below-knee amputees is the length of time
since amputation. The data in Table II
indicate that, with increasing time follow
ing amputation, there is a definite trend
towards phasic inactivity during level
walking. Our observations indicate that a
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T A B L E I I . — P h a s ic A c t i v it y
D u r in g W a l k in g in 20 B
T im e sin ce am pu tation
(years)
Less than 1 ..........................
1 - 2 .......................................
2 - 3 .......................................
More than 3 ........................
T o t a l ......................................

o p t h e T i b i a l i s A n t e r io r
elow - K n ee Am pu tees

N u m ber o f
am pu tees

Active

Quiet

5
6
5
4
20

4
4
3
1
12

1
2
2
3
8

decline in the phasic activity of the tibialis
anterior muscle occurs from one to three
years after amputation.
It is especially interesting to note that
two amputees, 7 and 35 years after ampu
tation, still had good voluntary control and
no phasic activity of their pre-tibial
muscles.
D iscu ssion

Ideal muscles for myoelectric control
sites must retain good voluntary control.
In addition, they may perform a function
identical or similar to that carried out in
the preamputation state, or may be so
altered by operation that they no longer
have any mechanical function. The Rus
sian myoelectrically controlled prosthesis
uses flexor muscles of the forearm to flex
the fingers and the extensors to extend the
prosthetic digits. The cerebral cortex, peri
pheral nerves and muscle fibres function
essentially as before the amputation. The
loss of tendon and joints prevents the
muscles from producing motion. The elec
trical potentials released from the contract
ing muscle fibres, however, can be col
lected, magnified and used to operate the
electrically driven motor, which produces
the required motion in the prosthesis. The
muscle performs the same motion; its elec
trical reactions are now harnessed elec
tronically to do work that was previously
mechanical. With respect to amputations
proximal to the elbow joint, the superficial
stump muscles have their own natural
functions to perform and training does not
eliminate these functions.1
Other myoelectric control sites have
been considered, such as the facial, tem
poral, neck and sphincter muscles, but
none of these seemed cosmetically, physio
logically or socially desirable. Our atten
tion was then directed to the possibility of
modifying certain proximal stump muscles
so they would not pass over a joint and be
fixed proximally and distally to the adja
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cent bone. Obviously the neurovascular
supply to the muscle belly must be left
inviolate. Biceps, triceps, coracobrachialis
and the scapular muscles are all possible
candidates for this surgical neutralization.
Our present findings concerning tibialisanterior function in patients with belowknee amputations support the hypothesis
that surgically neutralized muscles can be
used to control myoelectric systems. With
minimal training, the muscles come under
good voluntary control. We propose to
study the effects of more intensive training
to see if voluntary control can be further
improved. Discouraging, at first sight, is
the time required for the muscle to lose
its phasic activity. We do not know if
phasic activity is a characteristic of the
muscles in the upper limb. We think that
the development of phasic inactivity in the
lower limbs can be accelerated by training
and we propose to study this matter in
upper and lower extremity muscles in the
future.
We have used skin electrodes because
they are simple and because they reveal
adequately the electrical activity of the
subjacent muscle. We realize that percu
taneous electrodes are more precise and
that, if motor units are used to activate
many of these systems, percutaneous or
implant electrode transmitters will be re
quired.
Basmajian, Baeza and Fabrigar2 have
demonstrated that patients can be trained
to fire off independently up to I I single
motor units in a small muscle-like abduc
tor pollicis brevis. The ability of patients
to control single motor units greatly en
hances the potential value of surgically
neutralized muscles. Basmajian states that
any skeletal muscle may be selected and
that most people can isolate and master
one or two units and some can master
three, four, six or more units. Therefore,
if muscles can be divorced from their natu
ral function by operation or other means
and the motor unit activity trained, a
single muscle may provide many control
sites. Theoretically, two or more functions
can be controlled in the prosthesis or
orthosis, the number being commensurate
with the patient’s ability to master control
of many motor units.
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and

C o n c lu sio n

In a preliminary study to determine the
feasibility of surgically prepared myo
electric control sites, we tested the tibialis
anterior in 20 below-knee amputees and 6
normal subjects. This muscle was chosen
because it is superficial, and also in belowknee amputees it is a surgically neutralized
(non-articular) muscle. Myoelectric control
was assessed while the subject performed
a simple exercise with a myoelectric
trainer. The activity of the muscle during
walking was recorded on an electromyograph.
A surgically neutralized muscle retains
good voluntary control and generates a
signal sufficient to operate a myoelectric
control system. For an indefinite period
after operation the muscle continues to
contract during the activity for which it
formerly was required. After one to three
years, the tibialis anterior muscle of many
below-knee amputees remains inactive ex
cept on command.

P R E V E N T IO N O F T H E H EM O R R H A G IC
E N T E R IT IS PR O D U C E D BY
IR R E V E R S IB L E H YPO V O LEM IC SH O C K
It has been shown by Bounous et al., that
the exclusion of the pancreatic exocrine secre
tion from the intestinal lumen prevents the
occurrence of the hemorrhagic enteritis that in
dogs is associated with experimental hemor
rhagic shock. As a continuation of this work,
the authors investigated two series of dogs. In
a first group of six dogs, a segment of ileum
40 to 60 cm. in length w as isolated and the
two ends were brought out through the ab
dominal wall. T he continuity of the bowel
w as re-established and a hemorrhagic shock
procedure w as carried out two to three weeks
afterwards. The response of the animals to the
experim ental procedures was identical to that
of untreated animals. At post mortem it was
found that the hemorrhagic enteritis w as only
present in that part of the intestinal tract
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1. S c o t t , R. N .: Personal communication.
2. B a s m a j i a n , J. V., B a e z a , M. a n d F a b r ig a r ,
C.: Conscious control and training of indi
vidual spinal motor neurons in normal
human subjects, J. New Drugs, 5: 78, 1965.
R esu m e
Dans une etude preliminaire visant a etablir la
possibility de preparer chirurgicalement des re
gions de controle myoelectriques, nous avons
etudie le jambier anterieur de 20 sujets amputes
en-dessous du genou et de 6 sujets normaux. Ce
muscle a ete choisi parce qu’il est^superficiel et
aussi parce qu’il est deja “neutralise” chirurgicale
ment (n’est plus articule) chez les amputes endessous du genou. Le controle myoelectrique a
ete essaye en demandant au sujet de faire un
exercice tres simple avec un entraineur myoelec
trique. L’activite du muscle durant la marche a
ete enregistree sur un electromyographe.
Un muscle neutralise chirurgicalement garde un
bon controle volontaire et il produit un signal
assez fort pour faire fonctionner un systeme de
controle myoelectrique. Pour un temps indefini
apres 1’operation, le muscle continue a se contracter chaque fois que l’activite musculaire aurait
reclame sa collaboration avant l’intervention.
Apres une periode allant de un a trois^ ans, le
jambier anterieur d’un grand nombre d’amputes
en-dessous du genou devient inactif, sauf sur
commande.

which was left in continuity but not in the
isolated loop of ileum. In a second series con
sisting of seven dogs, a subtotal duodenal
pancreatectomy was carried out. The tail of
the pancreas was left behind but not anasto
m osed to the bowel. T he common bile duct
was ligated and the gallbladder was anasto
m osed to the stomach. During the postopera
tive period, the animals diet was supplement
ed with pancreatic enzymes, and after three
to four weeks the dogs were subjected to the
same experimental shock procedure. In this
group the survival following the experiment
was prolonged as com pared with a control
group and at post mortem no evidence of
hemorrhagic enteritis w as found. Thus, the
observation m ade by Bounous et al. has been
confirmed.— Tiberio, G. et a l.: Sur la preven
tion de l’enterite necrotico-hemorragique provoquee par le choc hypovolhemique irrever
sible experimental, Lyon Chir., 64: 605, 1968.
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D ILU TED ACD BLOOD FOR CARDIOPULMONARY BYPASS
IN CHILDREN®
E. SARKOZY, M.Sc., A. J. KOVACS, M.D., R. L. DENTON M D
F R C P [C]
and A. R. C. DOBELL, M .D., F.R.C.S.[C], F.A.C.S., Montreal, Que.

T he use of diluted donor blood to prime
a pump oxygenator is now generally ac
cepted.1 In addition, the difficulty of col
lecting heparinized blood, which must be
fresh, has led many surgical groups2'4 to ac
cept citrated blood up to four days old5’ 6
and to heparinize it shortly before opera
tion. Having adopted these two modifica
tions of our earlier practice ( that of insist
ing on fresh heparinized blood) we have
made hematological and biochemical obser
vations on the effect of such hemodilution
on the blood of children. Since no previous
publication has confined itself to children,
we believe the results reported herein may
be of interest.
T he Prime

and the

P atients

Acid-citrate-dextrose (A C D ) blood was
drawn into plastic bags within 48 hours of
operation and each unit was modified so
that the final volumes were as follows:

Constituent

Volume (ml.)

Blood
450
ACD solution ( National
67.5
Institutes of Health Formula A )
Heparin 1000 units/ml.
2.5
10% CaCl2
5
NaHCO* 0.9 mEq./ml.
12
5% Glucose in 0.2% NaCl
110 or 150
Total
647 or 687 ml.
The smaller volume of diluent (110 ml.)
was used with the 10-screen oxygenator
(2280 ml. prime) when the predicted flow
was under 2000 ml./min. The larger vol
ume of diluent (150 m l.) was used with the
20-screen oxygenator (2750 ml. prime).
Heparin, calcium chloride and sodium bi
carbonate were added to each unit of ACD
blood in the blood bank and the glucose
in 0.2% sodium chloride was added to the
pump oxygenator. Samples of the prime
From the Departments o f Cardiovascular Surgery
and Hematology, The Montreal Children’s Hospital, and the McGill University, Montreal Children’s Hospital Research Institute, Montreal, Que.

were taken for analysis after at least 10
minutes of recirculation.
The first 12 patients who underwent by
pass using this prime were extensively stu
died. These children ranged in age from 1
to 13 years and in weight from 8.6 to 42.4
kg. In eight, the bypass was done using an
oxygenator containing 10 screens (110 ml.
of 5 % glucose in 0.2% NaCl added to each
unit of b lood ); in the four larger children,
the oxygenator contained 20 screens (150
ml. of 5% glucose in 0.2% NaCl to each
unit of blood). In these children the by
passes, which lasted from 17 to 110 minutes
(average 56 minutes), were done to correct
the following lesions: aortic stenosis—two
patients, atrial septal defect—one, mitral
valve repair—one, pulmonary stenosisone, tetralogy of Fallot—five, and ventri
cular septal defect—two patients. Eleven
of the 12 children survived; the one death
was clearly not related to the priming solu
tion. Subsequently, another 45 patients
were evaluated, although with less exten
sive laboratory investigations; the findings
in these patients corresponded with those in
the 12 who provided the data for this re
port. In none of these did we encounter
hemorrhage or tamponade that required reoperation.
O bservations

Biochemistry
The superiority of 5 % glucose in 0.2%
NaCl to 5 % glucose in water, which has
been recognized before,7 was confirmed by
dividing a bag of ACD blood and adding
one of these diluents to each half. The bags
were allowed to stand at room temperature
for two hours and then were stored over
night at 4°C. The plasma and red cell
morphology o f specimens from each bag
were then determined. A typical result is
shown in Fig. 1.
D ie prime was recirculated through the
pump oxygenator for 10 minutes and a
sample was drawn for biochemical deter
minations (T able I). Further samples were
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TABLE II.—O p e n - H e a r t

O p e r a t io n s W it h
(A v e r a g e o f 12 P a t i e n t s )

T A B L E I.— P r im in g S o lu tio n in t h e P u m p
O x y g e n a t o r (M ea n f o r 12 P a t ie n t s )

Hospital
Constituents
H b. (g. % ) ..............................
pH (at 37 °C .).........................
P c o 2..........................................
Sodium (m E q ./l.)..................
Potassium (m E q ./l.).............
Chloride (m E q ./l.)................
Calcium (mg./lOO m l.).........
Sugar (mg./lOO m l.).............
Osmolality (m O sm ./l.).........

normals

8.6
7.30
36
145
4 .0
95
31.5*

7.3 8-7.43
36-45
137-144
4 .7 -5 .5
95-110
9-11

1200
324

285-295

* Total calcium.

Serum calcium levels were very high dur
ing bypass, but fell to normal one day after
operation, except in one patient in whom
the level was 7.7 mg./lOO ml. 24 hours after
operation. The transitory high values are
due to the CaCb which is added to the
prime to bind the citrate—the resultant cal
cium complex is therefore not ionized. (4)
The bypass and one-hour postoperative glu
cose levels were high, due to the high glu

Hours
after
operation

Patient
on
bypass

1 Hour
after
operation

Hb. (g.%)

13.5
(8.3-20.1)

9.9
(8.3-11.9)

13.3
(11.7-15.3)

12.6
(9.6-13.7)

Platelets
(in 1000)

230
(164-356)

—

78
(42-144)

89
(35-117)

14
(12-21)

—

15
(14-18)

—

Sodium
(mEq./l.)

139
(132-143)

139
(130-150)

142
(134-154)

(133-147)

Potassium
(mEq./l.)

4.4
(3.9-5.2)

3.6
(2.3-5.3)

4.2
(3.1-6.0)

4.1
(3.7-6.4)

Chloride
(mEq./l.)

103
(100-106)

QQ
(97-104)

104
(99-110)

99
(92-105)

10.1
Calcium
(mg./lOO ml.) (9.2-10.7)

(144)-24.0)

12.0
(9.6-14.4)

9.5
(7.7-10.2)

(mg?/100 ml.)

(464-924)

(124-480)

(68-258)

Prothrombin
time (sec.)

drawn 10 minutes after starting bypass, and
1 hour and 24 hours after operation. These
values are compared with the patients’ pre
operative values in Table II. The findings
can be summarized as follows: (1 ) sodium
levels remained constant, within the normal
range. (2 ) Serum potassium tended to be
low during bypass, but had resumed almost
normal levels by the end of the first post
operative hour. Digitalis toxicity due to hy
pokalemia would therefore not present a
hazard, although few of our patients are
digitalized at the time of operation. (3)

P r im in g
___ _________

Before
opera
tion

Test

Fig. 1.—Plasma hemoglobin levels in blood
stored in 5% glucose in water, and in 5% glucose
in 0.2% NaCl. The hemolysis is three times as
great with the first solution. The dilution in each
case was identical to that in the pump oxygenator.

ACD

(68-168)

24

cose concentration of the priming solution,
but levels returned to normal in the suc
ceeding 24 hours. (5 ) Blood gases and acidbase determinations were made frequently.
The results were similar to those previously
found in fresh blood. Abnormalities were
related to low perfusion rates or hyperven
tilation and could not be attributed to the
priming solution.

Hematobgy
Red blood cell morphology was exam
ined during bypass. The number of crenated cells increased as the duration of the
bypass increased, but this was not con
sidered significant (Fig. 2).
A transient fall in hemoglobin concentra
tion was rapidly followed by a return to
normal levels. Platelets were markedly re
duced up to 24 hours after operation, but
to no greater degree than that observed
after bypass with heparinized fresh blood.
Prothrombin activity remained normal in
all patients. As noted above, we encounter
ed no hemorrhagic complications that made
reoperation necessary. This we attribute in
large part to the routine prevention of fibri
nolysis by the prophylactic administration
of epsilon aminocaproic acid.8
After these studies were completed, 45
more patients were operated upon using
the same diluted modified blood mixture for
oxygenator priming but with a slight modi
fication-heparin and calcium chloride were
added to the ACD blood in the blood bank
the night before operation, and the other
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Fig. 2.—(a and b) Red blood cells from the oxygenator immediately before bypass and 17
minutes later, (c and d) Blood from another patient immediately before bypass and after 73 minutes of
bypass (x 800).

diluents (5 % glucose in 0.2% NaCl, and
NaHCOg) were added by the anesthetist
directly to the pump just before operation.
Studies of red blood cell size and mor
phology revealed that 12-hour exposure to
heparin/calcium chloride without the alkalinizing effect of the bicarbonate produced
no shrinkage, cremation or other recogniz
able changes.
In this group of 45 patients, the results
observed were identical to those of the first
12 patients. None of these 45 patients died.
C onclusion

Using standard ACD bank blood (less
than 48 hours old ), modified by hepariniza
tion, recalcification, alkalinization and dilu
tion with 5% glucose in 0.2% saline, for the
priming of the pump oxygenator for car
diac surgery in children, undoubtedly sub
jects the patients to unusual biochemical

and hematological stresses which would
not be present if we used fresh, undiluted,
heparinized blood. Because diluted ACD
blood has great practical advantages, we
were reassured to find that the biochemical
and hematological changes that result are
tolerable and transitory. In no definable
way did this diluted blood prejudice the
child’s ability to tolerate cardiac surgical
procedures with pulmonary bypass. It
seems apparent that the added sodium bi
carbonate (in the amounts used) adequately
buffered the fixed acids of the A C D blood,
and that the accumulated carbonic acid
was effectively eliminated by the pump
oxygenator during recirculation.
Su m m a r y

In 12 children, diluted, modified, ACD
bank blood was used to prime the pump
oxygenator for cardiac operations. Biochem-
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ical and hematological characteristics of
the priming blood and of the patients were
measured and showed transitory anemia,
thrombocytopenia, hyperglycemia, hypocal
cemia and hypokalemia. However, within
24 hours the patients achieved satisfactory
compensation.
As a diluent, 5% glucose in 0.2% NaCl is
superior to 5% glucose in water, doing less
damage to donor erythrocytes. Studies in
an additional 45 patients gave similar re
sults.

blood and fresh heparinized blood in openheart surgery: a comparative coagulation
study, Transfusion, 3: 368, 1963.
6. S a l z m a n , E. W .: In discussion: Sessler, A. D.
et a l. : Heparinized blood versus ACD blood
for cardiopulmonary bypass, Transfusion,
6 : 364, 1966.
7. K ir k l in , J. W .: In discussion: Sessler, A. D.
et al. : Heparinized blood versus ACD blood
for cardiopulmonary bypass, Transfusion,
6 : 365, 1966.
8. Kevy, S. V. et a l: The pathogenesis and con
trol of the hemorrhagic defect in open heart
surgery, Surg. Gynec. Obstet., 12 3 : 313,
1966.
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Du sang citrate dilue a ete employe dans des
operations a cceur ouvert chez des enfants de plus
d'un an. Le sang avait ete heparinise et le citrate
etait neutralise avec du chlorure de calcium la nuit
precedant I’intervention. Dans la salle d’operation,
le pH etait ajuste au moyen de bicarbonate de
soude et le sang dilue avec du glucose a 5% dans
0.2% de serum physiologique. Les auteurs passent
en revue les modifications biochimiques et hematologiques relevees au cours de 12 operations de ce
genre. L ’emploi de ce sang dilue et ete bien tolere
en circulation extra-corporelle et aucune complica
tion n’a pu lui etre imputee. Les gros avantages
pratiques du sang citrate dilue, par comparaison a
la cueillette de sang heparine, ont decide les
auteurs a se servir habituellement du premier.

1. M a l m , J. R. et al.: The use of ACD blood
titrated with THAM in extracorporeal cir
culation, Trans. Amer. Soc. Artif. Intern.
Organs, 9 : 216, 1963.
2. F oote , A. V., T rede , M. and Maloney, J. V.,
J r .: An experimental and clinical study of
the use of acid-citrate-dextrose ( ACD )
blood for extracorporeal circulation, /.
Thorac. Cardiovasc. Surg., 4 2 : 93, 1961.
3. N a h a s , G. G. et al.: Control of acidosis and
the use of titrated ACD blood in openheart surgery, Ann. Surg., 160 : 1049, 1964.
4 . S e s s l e r , A. D. et al.: Heparinized blood versus
ACD blood for cardiopulmonary bypass,
Transfusion, 6: 360, 1966.
5. Rritten , A. et al.: The use of ACD bank

PULMONARY ARTERY BANDING
The authors report the results of palliative
banding of the pulmonary artery in 47 children
who had correctable ventricular septal defects,
but were either too small or too ill to have
corrective surgical treatment. Palliative band
ing was used as the definitive procedure in a
second group of 57 patients who had noilcorrectable lesions.
Indications for operation were based upon
the presence, in both groups, of a large intra
cardiac shunt with increased pulmonary flow
and complicated by intractable failure that
was not responsive to vigorous medical man
agement, of repeated upper respiratory infec
tions, pneumonia, failure to thrive, and ex
cessive limitation of activity.
The operative technique consisted of a left,
anterolateral, fourth interspace incision, al
though a median sternotomy and right antero
lateral incision were used for patients with
anomalies of the great vessels. The pulmonary

Resu m e

artery was wrapped with tape 5 to 7 mm.
wide. Initial narrowing was accomplished by
clamping the tape with a right-angled clamp,
and once the proper degree of tightness was
obtained the tapes were fixed in place with
interrupted silk sutures. Pressure measure
ments were taken proximal and distal to the
tape when possible.
There were 15 deaths in the palliative
group with ventricular septal defects, and 18
deaths in the definitive group. In both groups
the patients who survived showed substantial
improvement in cardiac status, with a decrease
in pulmonary vasculature and heart size, and
many have had subsequent total correction.
Only 1 of 13 patients with a single ventricle
and 2 of 14 patients with transposition died.
However 7 of 15 patients with atrioventricu
lar canal and four of six patients with truncus
arteriosus died.— Idriss, F. S., Riker, W. L.
and Paul, M. H.: Banding of the pulmonary
artery; a palliative surgical procedure, J.
Pediat. Surg., 3: 365, 1968.
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LE U K E M IC IN F IL T R A T IO N O F TESTIS
ROBERT A. HAGGAR, M.Sc., M .D .,° ANGUS B. M acMILLAN,
M.D., F.R .C .P.[C ],t and DOUGLAS G. THOMPSON, M .D ., F.R.C.S.[C],$ Hamilton, Ont.

U nilateral enlargement o f the testis due
to acute leukemia is extremely rare, al
though m icroscopic infiltration is frequently
observed in postmortem material. In a
study of acute leukemia based on 340 ne
cropsies, Thomas and Berard1 noted that
48% o f the males had leukemic infiltration
o f the testes and 2 4 % o f females had infil
tration of the ovaries. In a review o f 1073
“lymphoblastomas” over a 35-year period
(458 lymphosarcomas, 383 H odgkin’s dis
ease and 234 leukemias), Watson, Sauer and
Sadugor2 found only three with testicular
involvement. T w o had metastatic lym pho
sarcoma and one, a 64-year-old man, had
leukemic infiltration causing bilateral en
largement o f the testes. Stegagno, Digilio
and Felici* described leukemic infiltration
o f the testes in two 5-year-old boys, one of
whom was treated b y x-ray therapy with
gradual return o f both testes to normal size.
Zuelzer and Flatz4 reported unilateral leu
kemic infiltration o f the left testis in a 17month-old male infant w ho was treated by
orchiectomy. Dameshek and Gunz5 refer
red to a 6-year-old b oy with leukemic in
volvement of both testes, w h o died in renal
failure. D onohue8 has studied a child with
acute leukemia and testicular enlargement.
His patient is similar to the three boys de
scribed in the present paper.
C ase R eports
Case 1.-—D.H., a 10-year-old boy, was ad
mitted to Chedoke Hospital, Hamilton, On
tario, on August 9, 1962 because he was
thought to have subleukemic leukemia. His
hemoglobin on admission was 11 g./lOO m l,
the leukocyte count was 1900/c.mm. with a
differential of 83% lymphocytes and 17% neu
trophils. The platelet count was 190,000/
c.mm. and the sedimentation rate was 54 mm.
in one hour (Wintrobe). The bone marrow re
vealed acute lymphoblastic leukemia. He was

“ Head, Department o f Pathology, St. Joseph’s
Hospital, Hamilton, Ont.
fHead, Department of Pediatrics, St. Joseph’ s Hos
pital, and Assistant Professor o f Pediatrics, McMaster University, Hamilton.
fChief, Service of Urology, St. Joseph’s Hospital.

treated with prednisone and 6-mercaptopurine
until November 1963 and obtained an excel
lent remission. In July 1964 he was admitted
to the South Waterloo Memorial Hospital,
Galt, Ontario, because of an enlarged right
testicle; it was subsequently removed. The
testis, epididymis and spermatic cord weighed
94 g. The testis measured 6 x 4 x 3.5 cm. and
the epididymis 4.5 x 2 x 1.5 cm. The cut sur
faces were uniformly grey and firm with a fishflesh appearance. Microscopically, the testis
and epididymis were diffusely infiltrated by
cells of the lymphocytic series. The interlobu
lar connective tissue septa were well preserved.
His postoperative course was uneventful. On
July 24, 1964, he was referred to the Hospi
tal for Sick Children, Toronto for further as
sessment. At this time his hemoglobin was
11.5 g./lOO ml. and his leukocyte count was
1700/ic.mm. with 82% lymphocytes. The bone
marrow, which was almost completely replaced
by lymphocytes, was reported as “acute lym
phocytic leukemia”. He was again treated with
prednisone and 6-mercaptopurine. In April
1965 he struck his left ankle and it became
red, swollen and painful. The right shoulder
and left elbow were similarly affected in Au
gust. He was admitted to the Hospital for Sick
Children in September. His leukocyte count
had ch opped to 300/ c.mm. and was 650 on dis
charge. His hemoglobin was 9.6 g./lOO ml.
and the platelet count was 35,000/c.mm. He
was maintained on daily doses of methotrexate.
On September 26, 1966 he was again ad
mitted to the South Waterloo Memorial Hospi
tal, Galt, because of fever, vomiting and ab
dominal cramps. He died on September 28,
1966. The postmortem examination revealed
leukemic infiltration of the meninges, spleen,
lymph nodes, bone marrow and left testis. The
right testis had been removed earlier. Other
findings included pulmonary emphysema with
cor pulmonale, hemosiderosis of the spleen and
fatty metamoiphosis of the liver.
Case 2.— T.R., a 19-month-old male infant,
was first admitted to St. Joseph’s Hospital,
Hamilton on February 11, 1965 with fever and
pallor of recent onset. His hemoglobin was
3.8 g./lOO ml., hematocrit 10 m l./100 ml.,
leukocyte count 2440/c.mm., platelet count
122,000/c.mm. and sedimentation rate 120
mm. in one hour (Wintrobe). On peripheral
blood films, 100% of the cells were of the lym
phocytic series and a diagnosis of acute leuke-
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ing and, by September, it measured 6 x 4 x
4 cm. From September 23 to 30, the right tes
ticle was treated with deep radiation on six
occasions— a total of 550 rads. In Octobei, he
was in hospital again with exacerbation of
acute leukemia and bronchitis but by Novem
ber he was once again in remission following
a course of methotrexate and prednisone. He
was maintained on this therapy and continued
fairly well except for bronchopneumonia in
December 1966 and the appearance of ulcers
of the buccal mucosa in July 1967. At the pre
sent time (December 1967) he is in clinical
remission.

Fig. I . —Case 2. Diffuse lymphocytic leukemic
infiltration of the testis. The seminiferous tubules
are isolated by the infiltrate (original magnification
x 240).

,nia was made. He was transfused with packed
cells and treated with prednisone and 6-mercaptopurine. He was discharged 17 days after
admission with a hemoglobin of 12.8 g./lOO
ml., leukocyte count 8550/c.mm. and a differ
ential of 51% neutrophils, 45% lymphocytes and
4% monocytes. The platelet count was 268,000/
c.mm. He was given daily doses of methotrex
ate and over the next 13 months remained
clinically well. In April 1966 the left testicle
was noted to be enlarging rapidly. It was firm
and almost twice as large as the right and did
not transilluminate. There were no other clini
cal findings. When he was admitted to hospital
on April 21, 1966 his hemoglobin was 11.0 g./
100 ml., hematocrit 31 ml./lOO ml., leukocyte
count 8900/c.mm. with a differential of 86%
neutrophils, 8% lymphocytes and 6% monocytes.
The left testicle, which was removed on April
22, 1966, measured 3.3 x 2 x 1.6 cm. and
weighed 7 g. On section, it was yellowish-grey
and fleshy. Microscopically, the entire testis
was diffusely and extensively infiltrated by cells
of the lymphocytic series (Fig. 1). The inter
lobular connective tissue septa were preserved.
The interstitial tissue of the epididymis was
infiltrated by leukemic cells but the spermatic
cord was not involved. A lumbar puncture
done at operation showed that the cerebro
spinal fluid contained undifferentiated stem
cells. Intrathecal methotrexate was adminis
tered.
His postoperative course was uneventful and
he was maintained at home on 6-mercaptopurine. During the summer of 1966 it was
noted that the right testicle was slowly enlarg

Fig. 2.—Case 3. Gross appearance of the testis
illustrating diffuse leukemic infiltration (approxi
mately full size).

Case 3.— M.H., a 6-year-old boy, was first
admitted to St. Joseph’s Hospital, Hamilton
on March 21, 1966. A diagnosis of acute
lymphyocytic leukemia had been made in
June 1964 at the Hospital for Sick Children
in Toronto. He had been treated with predni
sone and 6-mercaptopurine and was on daily
methotrexate. On admission his hemoglobin
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was 11.3 g./lOO ml., hematocrit 33 ml./100
ml., leukocyte count 3740/c.mm. with a dif
ferential of 74% neutrophils, 14% lymphocytes
and 12% monocytes. The platelet count was
234,000/c.mm. and the sedimentation rate
105 mm. in one horn- (Wintrobe). The left
testicle was about twice as large as the right,
firm and did not transilluminate. There were
no other clinical abnormalities. On March 23
a left orchiectomy was performed. The testis
measured 3.6 x 2.4 x 2.0 cm. and weighed
19 g. (Fig. 2). The cut surfaces were firm,
grey and glistening, and microscopically the
organ was diffusely infiltrated by cells of the
lymphocytic series. Practically all spermato
gonia had been lost but islands of sertoli cells
persisted. The interlobular connective tissue
septa were preserved (Fig. 3). The epididymis
and spermatic cord were not involved.
His postoperative course was uneventful
and he was maintained on daily 6-mercaptopurine. On June 30, 1966 his leukocyte count
was 2500/c.mm. with a differential of 36%
neutrophils, 49% lymphocytes, 4% eosinophils,
7% monocytes and 4% stem cells. The platelet
count was 104,000/c.mm. A bone marrow
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aspirate revealed extensive displacement by
undifferentiated stem cells. He was given
prednisone and methotrexate and again went
into clinical remission. On January 21, 1967
he was admitted to hospital with severe
chicken pox and acute tracheobronchitis with
bronchopneumonia. He was treated with anti
biotics and gamma globulin but died three
days after admission.
The postmortem examination revealed hun
dreds of vesicles of chicken pox over the face,
chest and back. The cause of death was
tracheobronchitis, with obstruction by mucus
plugs, and focal bronchopneumonia. Leukemic
infiltration was present in the meninges, lungs,
liver, spleen, lymph nodes and bone marrow.
The left testis had been removed earlier and
the right was not involved by leukemic in
filtration.
D iscussion

The unilateral enlargement of the testis
in these three patients was due to exten
sive infiltration by leukemic cells of the
lymphocytic series. In all microscopic sec
tions, the testis was diffusely infiltrated
with leukemic cells and the tubules, which
were separated, appeared to be isolated
and surrounded by malignant cells. There
was remarkable preservation of the con
nective tissue septa which formed the
normal boundaries of the lobules. This ap
pearance is in striking contrast to that ob
served in primary malignant tumours
which grow by expansion and destroy the
peripheral, normal tissue elements by com
pression. Leukemic infiltration causing
testicular enlargement will probably be
come more common in the future as newer
antimetabolic agents prolong the life ex
pectancy in children with acute leukemia.
Indeed, the incidence of leukemic involve
ment of the testis has changed during the
past half century. In their review, which
covered a period of 35 years from 1913
to 1948, Watson, Sauer and Sadugor2 de
scribed 234 patients with leukemia, one of
whom had testicular infiltration. The other
two patients with testicular involvement in
their series were associated with general
ized lymphosarcoma. Thomas and Berard1
studied 340 necropsies of patients with
acute leukemia and found microscopic evi
Fig. 3.—Case 3. Diffuse leukemic infiltration of dence of leukemic infiltration of the testes
the testis illustrating preservation of interlobular
connective tissue septa (original magnification x in 48% of males and of the ovaries in 24%
of the females.
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The three patients in the present paper
were seen during a three-year period, 1964
to 1967, during which time 22 children
with acute leukemia were studied. Dono
hue6 believes that this high incidence can
probably be explained by the efficacy of
modern therapy and the fact that leukemic
cells, which are sequestrated in such organs
as the testis and central nervous system,
are not reached by the antimetabolic
chemotherapeutic agents and can therefore
proliferate and eventually cause clinical
effects. It is unlikely that this apparent
increase in incidence is due to any change
in the natural history of the disease.
In D.H. (Case 1) the enlarged testicle
was removed because we believed the en
largement was probably due to a primary
malignant tumour. In the other two boys
the testicular enlargement was attributed
to leukemic infiltration. The testes were
removed because both children were other
wise in clinical remission. The same end
result could probably have been achieved
by high-voltage radiation therapy since, in
Case 2, irradiation returned the testis to
normal size and there has been no clinical
evidence of recurrence in a 14-month
follow-up period.
Removal of the involved testis has the
following advantages: it is definitive, rapid
treatment and it allows the physician to
obtain a firm pathological diagnosis. Al
though there is practically no morbidity,
the patient does require a general anes
thetic. The testis involved by leukemic in
filtration responds rapidly to a short course
of low-dosage radiotherapy. In this, the
patient experiences no discomfort and very
little inconvenience. However, the physi
cian does not obtain a definitive pathologi
cal diagnosis.
Mathe et aU investigated 31 leukemic
patients in “complete remission” by doing
a series of needle biopsies of the kidney,
liver and testis, and by examining the bone
marrow and the cerebrospinal fluid. Nine
teen of them had completely negative find
ings; of these only one had an early
relapse. However, of the 12 remaining pa
tients with leukemic involvement in one
or more of the sites studied, 6 had an early
relapse. This study suggests that leukemia
in a single accessible site, such as the
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testis, should be treated either by surgical
removal or irradiation.
Primary tumours of the testis are rare in
children and secondary tumours are very
uncommon. Turley and Moore,8 in a review
of 5500 testicular tumours reported be
tween 1803 and 1942 found only 131 in
children. Phelan, Woolner and Hayles9 re
viewed nine malignant testicular tumours
in children seen at the Mayo Clinic from
1932 to 1952. Five of these were germinal
tumours and four were sarcomas which
were considered to have arisen from the
tunica or supportive muscle of the testis.
Waddell10 reviewed the literature concern
ing malignant lymphomas of the testis in
children and found seven that had been
reported as either primary or secondary
tumours. He added one case of his own—
a 7-year-old boy with a reticulum-cell sar
coma which was treated by orchiectomy.
The patient died with disseminated disease
two months later. Dixon and Moore,11 who
do not include lymphomas in their clas
sification of tumours of the testis, state that
“Although a few instances of primary
lymphosarcoma of the testis have been re
ported, all have been associated with the
generalized disease. The occurrence of
primary testicular lymphoma is at least
questionable.”
Varney12 described lymphosarcoma of
the testis in five adults; he considered that
the tumour was primary in two of them,
although these patients had disseminated
disease at the time of death. Collins and
Pugh,13 who analyzed the records of 63
patients with malignant lymphomas of the
testis, state that “It is only in retrospect,
after a patient has been without evidence
of recurrence for some years, that a malig
nant lymphoma of the testis may be ac
cepted as a primary.” However, these
authors do not indicate whether any of the
63 cases in their series could be so clas
sified. Wescott,14 who reviewed 3000 testi
cular tumours recorded between 1952 and
1966, considered that, with respect to
lymphomas, “most authorities have felt
that testicular involvement represents a
part of a generalized disease process, with
metastases involving multiple organs”. The
consensus appears to be that there is no
such entity as a primary testicular lym
phoma.
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Su m m a r y

Three boys with unilateral testicular en
largement due to leukemic infiltration
were treated by orchiectomy. Although the
same end result could probably have been
achieved by high-voltage x-ray therapy, no
definitive pathological diagnosis would
have been possible. Surgical removal is
probably the treatment o f choice.
Leukemic infiltration of the testis may
be a manifestation of modern therapy and
will probably occur more frequently in the
future.
Primary malignant tumours of the testis
in children are extremely rare and secon
dary tumours are very uncommon. There
is probably no such entity as a primary
testicular lymphoma.
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Trois enfants ages respectivement de 19 mois, de
6 ans et de 10 ans ont presente une hypertropbie
testiculaire unilaterale, secondaire a une infiltration
leucemique. Tous trois ont ete traites par orchidectomie. Dans 1 un des cas, l’autre testicule com menpa a grossir et fut traite par radiotherapie profonde (550 rads au total). Le meilleur traitement
pour une hypertrophie testiculaire unilaterale chez
des enfants atteints de leucemie aigue est probablement l’orchidectomie, parce qu’elle est rapide et
definitive; la morbidite est negligeable 6t Ton peut
obtenir un diagnostic sans equivoque. Dans nos
trois cas, le testicule etait le siege d’infiltration
generalisee de cellules leucemiques, mais le tissu
conjonctif interlobulaire et quelques tubules seminiferes etaient bien conserves, ce qui contraste
fortement avec Fapparence des tumeurs malignes
qui proliferent en detruisant les tissus peripheriques normaux. L ’hypertrophie testiculaire secon
daire a une infiltration leuoemique, qui est la con
sequence de la therapeutique modeme, deviendra
plus frequente a mesure que la survie de 1’enfant
atteint de leucemie aigue sera mieux prolongee par
de nouveaux antimetabolites. Les tumeurs malignes
primaires du testicule sont rares chez 1’enfant. Une
revue critique de la litterature permet de croire
que le lymphosarcome primaire du testicule est
une entite probablement inexistante.

THE CANADIAN JOURNAL OF SURGERY

SEAT-BELT TRAUMA TO THE ABDOMEN*
J. H. MacLEOD, B.Sc., M.D., C.M., C.R.C.S.[C], F.A.C.S. and
D. M. NICHOLSON, B.Sc., M.D., F.R.C.S.[C], Halifax, N.S.
O ver the past 10 to 15 years, with increas
ing use of the automobile there has been
a corresponding increase in automobile
accidents. During this time the use of seat
belts has also increased. Such use is now
well accepted and the value of these belts
is well documented.1'5 Injury to the abdo
men due to seat belts has been reported
in only 38 instances. The three cases in the
present report bring the total to 41. The
details of these 41 cases are summarized
in Table I.1- 2- 6'21
Our three patients were seen in a single
year at the Victoria General Hospital,
Halifax, Nova Scotia; in the same period,
T A B L E I . — D e t a il s

of

N um ber
o f cases

T ype o f
belt

Kulowski and R o s t8................

1

Lap

von B a h r and Erikson7..........

4

Shoulder
(all im 
properly
applied)

A uthors

Engberg8......................................

1

Shoulder

G arrett and Braunstein9. . . .

2

Lap

15 patients with blunt abdominal injury
were operated upon in this hospital.
Although shoulder-type belts are worn
much less frequently, these were respon
sible for 5 of the 38 injuries reported to
date. Of 29 in which a lap-type seat belt
was implicated, there was a tear or per
foration of the bowel and/or its mesentery
in 22.
Some workers believe that the abdominal
injuries associated with seat belts are the
result of improper application of the
belts.17 In our patients, the seat belts were
properly applied as indicated by the pa-

41 R e p o r t e d C a s e s o f S e a t - B e l t T r a u m a

A bdom in al in ju ries

D elay in
treatm ent

Course

Contusion of distal ileum
adherent to pelvic brim —
in testin al obstruction

None

Cured

(1) Rupture of left kidney,
left renal vein torn
from aorta
(2) Rupture of liver and
spleen
(3) Rupture of right kidney
(4) Fractured ribs and
tear of liver

None

(1) C ardiac arrest on way
to operating room

None
None
1 hour

(2) Transferred to other
hospital, dead on arrival
(3) Recovered
(4) Recovered

1 hour

Died in shock a t operation

H epatic veins torn from
vena cava
(1) Rupture of duodenum
and pancreas
(2) Renal and bladder
contusions

Unknown
Unknown

(1) Prolonged hospital
recovery
(2) Recovered

Shattered spleen, fractured
ribs

5 hours

Com plicated recovery

Cocke and M eyer10.................

1

Lap
(loose)

Aiken11..........................................

1

Lap

Perforation of jejunum

6 days

Recovered

Tolins12..........................................

1

Lap

Perforation of jejunum

4 days

Com plicated recovery

R u bov its13...................................

1

Lap

Rupture of pregnant uterus

2 days

Recovered

Fisher14.........................................

1

Lap

Lacerated spleen

None

Recovered

Fish and W right15....................

4

Lap
(air crash)

H urw itt and Silv er16...............

1

Lap
(loose)

W illiam s, Lies and H ale17. .

4

Lap

(1)
(2)
(3)
(4)

Rupture of
Rupture of
M esenteric
M esenteric

ileum
ileum
rent
ren t

H ernia of colon, small
bowel and stomach
(1) Rupture of ileum
(2) M ultiple hem atom as of
small bowel, am putation
of portion of omentum,
laceration of m esentery
(3) T ear of duodenum,
junction of second
and third portions
(4) T ear of m esentery of
ileum, tear of
mesosigmoid

---------------“From the Department of Surgery, Dalhousie
University and the Victoria General Hospital,
Halifax, JN .o.

9 days
13 days
None
None
None

(1)
(2)
(3)
(4)

Recovered
Recovered
Recovered
Died of hemorrhage

Recovered

3 hours
5 hours

(1) Recovered
(2) Recovered

5 hours

(3) Recovered

12 hours

(4) Recovered

tients’ statements and by the distribution
Qf t}le seat-belt abrasions, all of which
were j)e]()w the iliac crests. Despite this,
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T A BLE I (continued)

Authors
Gerritsen, Frobese
and Pezzi18

Number
o f cases

Type of
belt

2

Unknown

Abdominal injuries
(1) Laceration of jejunum,
multiple lacerations of
mesentery, amputation
of portion of omentum
(2) Laceration of ileum,
tears of mesentery and
serosal tear of sigmoid

Sube et al.19.........................

2

Lap

(1) Mesenteric rent
(2) Transection o f jejunum

LeMire, Earley and...............
Hawley20

2

Lap

(1) Hernia o f colon and
small bowel
(2) Perforation o f proximal
jejunum

Porter and Green21................

3

Lap

Unknown
Unknown

(1) Avulsion o f terminal
ileum, perforation of
upper ileum and mid
jejunum, necrosis of
sigmoid
(2) Transection o f jejunum,
transection of rectus
abdominis
(3) Perforation o f jejunum,
avulsion o f mesentery,
rupture o f spleen

Delay in
treatment

Course

Unknown

(1) Unknown

Unknown

(2) Unknown

None
8 days

(1) Recovered
(2) Recovered

None

(1) Recovered

10 hours

(2) Recovered

3 days

(1) Stormy and prolonged
convalescence, eventual
recovery

2 days

(2) W ound infection,
recovered

2 hours

(3) Enteric fistulas, died of
pulm onary em bolism

4 days

Recovered

Blumenberg1...........................

1

Lap

Sigmoid perforation and
mesosigmoid tear

Witte2.....................................

6

Lap

(1) Perforation of duodenum
(2) Perforation o f small
bowel
(3) Avulsion o f ileum,
tear of mesentery
(4) Tears of mesentery, avul
sion of greater omentum
(5) Tears of mesentery,
perforation of jejunum
(6) Perforation of ileum

24 hours
24 hours

(1) Recovered
(2) Recovered

2 hours

(3) R ecovered

3 hours

(4) Recovered

(1) Perforation of ileum,
seromuscular tears of
small bowel and sigmoid,
small mesenteric rent
(2) Perforation o f jejunum
(3) Transection o f distal
ileum, mesenteric rent

12 hours

(1) R ecovered

17 hours
19 hours

(2) Recovered
(3) Recovered

M acLeod and N icholson ... .
(1969)

3

these patients sustained
abdominal injury.

Lap

serious

intra

C ase R eports

Case 1.— W.B., a 32-year-old man, was ad
mitted to hospital following an automobile
accident one hour earlier. He was driving and
had been wearing a lap-type seat belt at the
time of his accident. The car was completely
demolished. His major complaint was lower
abdominal pain.
On examination, he was alert but in obvious
pain. He had a small laceration over his right
eye. His blood pressure was 190/110 mm. Hg
and his pulse was 9 2 /min. The abdomen was
diffusely tender but more so over the lower
portion, where there was some guarding and
minimal rebound tenderness. The abdomen
was also abraded. His hemoglobin on admis
sion was 14.5 g./lOO ml. The urine contained
red blood cells. Radiographs of the chest, ab
domen, kidneys and bladder were within
noimal limits. A radiograph of the spine
showed a slight compression fracture of L3.
Over the next eight hours his blood pressure

2 hours

(5) Recovered

8 days

(6) Died

and pulse did not change; however, his ab
dominal pain increased. Repeated examination
showed only generalized abdominal tender
ness, guarding and rebound tenderness. His
leukocyte count at this time was 20,700/
c.mm. with 27% band cells.
Twelve hours after injury his abdomen was
explored through a left paramedian incision.
There was obvious peritonitis. He had mul
tiple seromuscular tears involving the sigmoid
colon and small bowel. In the small bowel,
three feet from the ileocecal valve, there was
a 2-cm. circular perforation on the antimesenteric side. This was closed with one
layer of 00 silk Lembert sutures and the other
seromuscular tears were repaired. W e explored
the remainder of the abdominal cavity and
found no further abnormality. The abdomen
was then closed in layers. His postoperative
course was uncomplicated and he was dis
charged eight days after the operation.
Case 2.— L.R.A., an 18-year-old man, was
seen one hour after an automobile accident.
A passenger in the front seat, he had been
wearing a lap-type seat belt which was so
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tight that he could not move or twist his
body; in addition, he was asleep when the
accident occurred.
On admission to hospital he complained of
generalized abdominal pain. There was gen
eralized guarding, a moderate degree of
tenderness over the lower abdomen, and skin
abrasions below the iliac crests. There was no
evidence of other injuries. His blood pressure
was 110/70 mm. H g and his pulse was 92/
min. His hemoglobin was 15.8 g./ 100 ml., his
hematocrit 45 m l./100 ml., leukocyte count
13,025/ c.mm. and his serum amylase 65
Somogyi units/100 ml. Radiographs of the ab
domen showed no free air. Our diagnosis at
this time was abdominal-wall contusion with a
possible intraperitoneal injury. Gastric suction
and intravenous therapy were begun at once.
Ten hours after the accident, his serum
electrolytes were normal, his hemoglobin was
15.4 g . / 100 ml., leukocyte count 12,975/
c.mm. and hematocrit 43.5 m l./100 ml. An
intravenous pyelogram was normal. However,
his pain and tenderness on palpation persisted
and the rigidity and rebound pain increased.
Bowel sounds disappeared. His abdomen was
explored 17 hours after the accident.
The abdomen was opened through a left
paramedian incision. There was a small
amount of clear intraperitoneal fluid, and a
thick exudate on the serosal surface of the
small bowel and its mesentery. We found a
1-cm. perforation on the antimesenteric sur
face of the mid-jejunum which was closed in
one layer with interrupted Lembert sutures of
000 silk. The peritoneal cavity was drained
through a stab wound and the abdomen closed
in layers. His postoperative course was un
complicated and he was discharged nine days
after operation.

interpreted as a retroperitoneal hematoma. At
this time we believed he had a retroperitoneal
hematoma and perhaps intraperitoneal injury.
Ten hours after the accident, his pain had
increased slightly, but the tenderness was not
marked. He had mild abdominal distension,
and some ecchymosis had appeared in the
right flank. Bowel sounds were present. At
this time, his hemoglobin was 18.5 g./lOO ml.,
hematocrit 55.4 m l./100 ml., leukocyte count
15,200/c.mm. An intravenous pyelogram was
normal. Six hours later, because of increasing
pain and tenderness, moderate distension and
diminished bowel sounds, we decided to
operate.
When a right paramedian incision was made
in the lower abdomen, we found less than
100 c.c. of free blood in the peritoneal cavity.
In the mesentery of the proximal ileum, there
was a rent 3 cm. in length. At this point, a
2-cm. segment of the ileum was denuded of
its mesentery. However, the circulation of the
bowel appeared to be satisfactory and the rent
in the mesentery was repaired. On further
search, we found another rent in the mesen
tery of the distal ileum that extended from its
root to the bowel wall. At this point the bowel
was completely transected. A hematoma in the
root of the mesentery extended behind the
posterior peritoneum. We resected this portion
of the ileum and did an end-to-end anasto
mosis. The tear in the mesentery was re
paired. Examination of the remainder of the
abdomen showed no further injury. The peri
toneal cavity was drained through a stab
wound and the abdomen closed in layers. The
patient’s postoperative course was uncompli
cated and he was discharged nine days later.
M e c h a n is m

of

I n ju r y

During thorough questioning, these three
Case 3.— W .F.M., a 22-year-old white man, patients insisted that they had been wear
was admitted following the same accident as ing their seat belts properly and that the
L.R.A. (Case 2). He was driving the car and
belts fitted tightly. The abrasions on their
said that his belt was applied as tightly as
possible. He estimated his speed at the time bodies confirmed these statements. A prop
of impact was approximately 70 m.p.h. The erly fitted seat belt, however, still rides
above the symphysis pubis and is therefore
car was demolished.
He complained of steady aching pain in the in direct contact with the lower abdominal
right flank and right hip regions. There were wall. In all three there was rapid decelera
abrasions below the iliac crests, more marked tion. The mechanism of injury in these
on the right side. Slight tenderness was noted cases was probably a combination of bowel
on the right side of the abdomen and the compression by the seat belt, acute flexion
right flank. He had no evidence of other in of the trunk, an increase in intra-abdomi
juries except for a contusion of the right
nal pressure and, as a consequence, en
frontal region. Radiographs of the skull and
pelvis were negative. A flat plate of the trapment of a segment of bowel. Compres
abdomen showed no evidence of free air. sion of the bowel between the seat belt
However, there was a suggestion of some dis and spine probably produces the sero
placement of the ascending colon which was muscular and mesenteric tears so fre-
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quently seen. The circular perforation
(Case 1) must represent a blow-out that
resulted from entrapment and the high
intraluminal pressure. With tight or prop
erly applied seat belts, injury to the lower
abdomen is probably more frequent. With
a loose-fitting lap belt or a diagonal-type
shoulder belt, the injuries are usually to
the upper abdomen and may involve solid
organs.
D iscussion
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juries and abdominal paracentesis is of
doubtful value in these patients.
Summary
To date, 41 patients have been described
with abdominal injury associated with the
use of seat belts; 32 of these wore lap-type
belts. Of these 32, 25 had perforations of
the intestine and/or mesenteric rents. The
interval from injury to operation was un
duly long in most of these patients.
The early findings, although not marked,
are compatible with a localized peritonitis.
Generalized peritonitis usually becomes
apparent within 12 to 18 hours if the pa
tient has a perforated bowel.
In conscious patients, without chest in
juries, who complain of abdominal pain
following an automobile accident, intraabdominal injury should be suspected, par
ticularly if there are abrasions in the
distribution of the seat belt. The decision
to explore must be based on the clinical
findings because radiographs and abdomi
nal paracentesis are not generally helpful.

Motor vehicle accident victims who have
seat-belt injuries and abdominal com
plaints should be studied for possible intraabdominal injury. If they have abrasions
beneath the seat belt, they have been ex
posed to significant force and intraabdominal injury is all the more likely.
The early clinical findings may not be
impressive. Pain, tenderness and guarding
may be slight, and yet they may have
serious intra-abdominal injury. The physi
cian should not readily accept the diag
nosis of uncomplicated abdominal-wall
contusion. Persisting or increasing abdomi
nal tenderness and guarding are particu
C onclusions
larly suggestive of intra-abdominal injury
In an automobile accident, serious intraand, if managed conservatively, the patient
abdominal injury may occur despite prop
must be observed closely.
erly applied seat belts. Following lap-type
With these clinical findings, a laparo
seat-belt trauma to the abdomen, the most
tomy is justified even if there is no evi
frequent injury is perforation of the bowel
dence of blood loss or inflammation. Even
and/or mesenteric rent.
if the laparotomy does not reveal a lesion
Uncomplicated abdominal-wall contusion
requiring operative treatment, the mor
is a dangerous diagnosis.
tality in patients without serious associated
In all probability, the three patients re
injury22 is not significantly increased. Par
ported here would have suffered serious,
ticularly in patients who have no associ
possibly fatal, injury if they had not been
ated chest injury, localized abdominal
wearing seat belts. The authors of this
findings warrant exploration before gen
report do not wish to suggest that seat
eralized peritonitis develops.
belts per se are hazardous.
Of the patients with intestinal perfora
The authors wish to acknowledge the advice
tion described in the literature, only 50%
and assistance of Dr. Arthur L. Murphy in the
were explored within the first 24 hours. It preparation of this manuscript.
is also apparent from the literature that
the greater the delay the greater the mor
References
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H Y P E R B A R IC O XYG EN AND IN V IT R O
C O N SE R V A T IO N O F T H E K ID N E Y
Various groups of investigators have re
ported different degrees of success with in
vitro conservation of the kidney under hypo
therm ia and exposed to high pressure oxygen.
In this series of experiments, the dogs’ kidneys
were cooled to 2° to 4 °C . and exposed to an
oxygen pressure of three to eight atmospheres.
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R esume
Nous avons eu l’occasion de traiter trois personnes voyageant dans des autos et qui, bien
qu’ayant attache convenablement leur ceinture de
securite, subirent des lesions abdominales. Tous
trois avaient des perforations de l’intestin avec
dechirures mesenteriques. Les auteurs passent la
litterature en revue et discutent le mecanisme de
la lesion. Le siege de celle-ci peut differer: la
bretelle de securite, tout comme la ceinture mal
fixee ou trop lache, provoque habituellement des
lesions dans la portion superieure de 1’abdomen,
particuli&rement aux organes fixes, tandis que les
ceintures, meme bien fixees, causent des lesions
dans la portion inferieure de l’abdomen, particulierement des perforations intestinales et des de
chirures mesenteriques. C’est surtout le grele qui
est touche, plus rarement le sigmo'ide.
Une flexion brusque, un violent coup direct,
une augmentation de la pression intra-abdominale
et le coincement d’une anse intestinale entre la
boucle de la ceinture et la colonne vertebrale
peuvent jouer un role. Les auteurs brossent le
tableau clinique et signalent que les teguments de
l’abdomen situes dans la region de contact de la
ceinture sont souvent ecorches. Ils soulignent aussi
l’importance d’une laparotomie d’urgence pour
reduire la morbidite. Enfin, ils rappellent les
avantages intrinseques des ceintures de securite.

T h e kidney was then implanted in the same
dog and the contralateral kidney was removed.
T h e addition of the high pressure oxygen to
hypothermia did not improve the results. It
appears that the oxygen cannot diffuse
throughout the organ.— Fontaine, J.-L . e t al.:
Oxygene hyperbare et conservation in vitro du
rein. Resultats experimentaux chez le chien,
J. C hir., 9 6 : 2 1 5 , 1968.
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LYMPHOMAS OF SMALL BOW EL AND THEIR RELATIONSHIP
T O IDIOPATHIC STEATORRHEA
W ILLIAM J. E. SPENCE, M.D., C.M., F.R.C.S.[C], F.A.C.S.0 and
SUSAN RITCHIE, M .D., M .Sc.,f Toronto, Ont.

M a l ig n an t tumours of the small bowel
are relatively rare, and comprise less than
5% of all tumours of the gastrointestinal
tract. There is, as yet, no satisfactory ex
planation for this low incidence although
the alkalinity of small-bowel contents, and
rapid transit with short exposure o f the
mucosa to possible carcinogenic agents
have been proposed. The effect on carcino
genesis of the rapid turnover of the epi
thelial cells of the small-bowel mucosa is
unknown. In the duodenum almost all the
malignant lesions are carcinomas; in the
jejunum, carcinomas and leiomyosarcomas
occur in about equal frequency along with
a few lymphomas; but in the ileum, lymph
omas predominate, no doubt because of
the greater amount of lymphoid tissue
there.
This paper describes a study of malig
nant tumours of the small bowel that are
called “malignant lymphomas” or “reti
culoses” . In the course of this disease many
systems of the body may be involved;
however, patients were accepted for this
study only if the process appeared to have
begun in the small bowel and its mesen
tery. At the Toronto General Hospital, 45
patients were seen with lymphomas o f the
small bowel, proved at operation or
autopsy; of these, 18 fulfilled the criteria
for inclusion in the series. In the remain
der, the small-bowel lesions were inci
dental to extensive involvement elsewhere.
C lin ica l F eatures

Eleven of these 18 patients were female;
one-third were under 40 years of age. All
but one had had vague symptoms of ill
health such as anorexia, weight loss,
*Department of Surgery, University of Toronto
and Toronto General Hospital, Toronto, Ont.
Member, Janes Surgical Society.
tDepartment of Pathology, University of Toronto.
Reprint address: 430 Medical Arts Building, 170
St. George Street, Toronto 5, Ont.
This paper is part o f the Robert Janes Memorial
Volume (1969).

fatigue or weakness before more specific
complaints developed that were referable
to the abdomen. Eight patients were ad
mitted to hospital as “emergencies”; five
with perforation, two with massive bleed
ing, and one with small-bowel obstruction.
Of those admitted because of abdominal
symptoms, seven had a change in bowel
habit and weight loss, and three had a
mass with no change in bowel habit. One
patient had no symptoms; an abdominal
mass was discovered on routine examina
tion. In 11, a portion of bowel was re
sected; in 2, this was considered curative.
In two with intestinal obstruction, a bypass
anastomosis was done; only biopsy was
possible in two more. The remaining pa
tients were too ill for operative treatment.
Two patients are alive and apparently free
of tumour, 12 years and 2 years after re
section of lymphosarcomas from the jeju
num and ileum. The former was given
postoperative radiotherapy and the latter
nitrogen mustard. Seven patients died in
hospital while their initial treatment was
being given; the remaining nine survived
for an average of four months. Gastro
intestinal radiological examination did not
contribute to the diagnosis which was
usually made by the pathologist after he
had examined the resected material, or at
autopsy. The most frequent clinical diag
noses
were
retroperitoneal
sarcoma,
Crohn’s disease, and idiopathic steatorrhea.
P ath o lo g y

It is sometimes difficult for the patho
logist to classify these tumours accurately.
In the 18 patients, the final diagnosis was
reticulum-cell sarcoma in 10, lymphosar
coma in 6, and Hodgkin’s disease in 2. The
major part of the tumour was in the
mesentery in one-half the patients; in the
remainder, there was extensive bow el in
volvement. Two-thirds of the bowel
tumours were found in the ileum and, in
one-third, more than one area was in
volved. Lymphosarcomas, because they re-

208

THE CANADIAN JOURNAL OF SURGERY

sponded better to radiation, had a better
prognosis.
S m a l l -B o w e l L y m p h o m a s and
Steatorrh ea

Thirty years ago, Fairley and Mackie1
suggested that malignant lymphoma of the
small bowel might be related to steator
rhea of the type which simulates adult
celiac disease— idiopathic steatorrhea. Be
fore 1950, steatorrhea in patients with
lymphoma was attributed either to block
age of mesenteric nodes by tumour or
diffuse infiltration of the wall of the small
bowel. In 1962, Gough, Read and Naish,2
postulated that small-bowel lymphomas
may develop as a complication in patients
with idiopathic steatorrhea. A study of
four patients in this group with lymphomas
and steatorrhea is presented in order to in
vestigate this possible relationship further.
C a se R e p o r t s

C ase 1.— T.S., a 35-year-old spinster, who
weighed only 85 lb. was admitted to hospital
in February 1954 because of diarrhea (8 to
12 stools per day for six months), abdominal
distension, weight loss, and ankle edema. For
years, in spite of an excellent appetite, she
had failed to gain weight. Six years previously,
a sister who had similar complaints was found
to have idiopathic steatorrhea and responded
to treatment. T.S. had a reduced hemoglobin,
low serum proteins, calcium, and cholesterol,
a prothrombin time of 25 seconds, and a stool
fat excretion of 36%. The curve of the xylose
tolerance test was flat. A barium motor meal
had the usual features of malabsorption. As a
result a diagnosis of idiopathic steatorrhea
was made and appropriate treatment was
begun. The patient was discharged after 68
days, free of symptoms and with marked im
provement in all her biochemical tests. The
xylose tolerance curve was normal and her
weight had increased to 113 lb. Nine months
later her symptoms recurred; over the next
four months, in spite of treatment, she went
downhill and died, 10 months after her first
discharge from hospital. At autopsy, a pleo
morphic reticulum-cell sarcoma was found
which involved mesenteric nodes, retroperitoneum and, to a slight extent, the jejunum,
the kidneys and the adrenals.
C ase 2.— Mrs. E .K ., a 53-year-old woman,
was admitted to hospital in January 1967 be
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cause of nausea, belching and intermittent
diarrhea which had begun in childhood. In
December 1962, she had undergone a partial
gastrectomy for duodenal ulcer, after which
her symptoms improved, except for the diar
rhea which, at the present admission, consisted
of 10 foul, fatty stools per day. The patient
was cachectic; her blood pressure was 90/50
mm. Hg and she had marked ankle edema.
Soft nodes were found in both axillae. Labo
ratory tests were as follows: normal blood
smear, prothrombin time 21 seconds, low
serum proteins, cholesterol and calcium, a
flat xylose tolerance curve and stool fat excre
tion of 47%. On light and electron microscopy,
a peroral jejunal biopsy showed villous
atrophy of the type seen in idiopathic steator
rhea. In an axillary node, we found evidence
of Hodgkin’s disease. Therapy including
gluten-free diet, steroids, and psyllium (Metamucil) brought no improvement and the
patient lost appetite and weight, and died
2% months after admission. Just before death,
she had a massive gastrointestinal hemorrhage
and peritonitis. At autopsy, we found a malig
nant lymphoma of the Hodgkin’s type which
involved the small-bowel mesentery and, to a
minimal degree, the jejunum and axillary
nodes. The immediate cause of death was
acute, fulminating, necrotizing, bacterial gas
troenteritis.
C ase 3.— C.C., a 64-year-old man, was ad
mitted to hospital in December 1966 because
of massive, bright red, rectal bleeding that
required multiple transfusions before it sub
sided five days later. Over the previous six
months, he had had diarrhea, abdominal dis
tension, excessive flatus and had lost 30 lb.
Other than lower abdominal tenderness, there
were no significant physical findings. Investi
gation revealed no abnormalities except
changes in the gastrointestinal barium meal
compatible with the malabsorption syndrome.
On peroral jejunal biopsy, we found subtotal
villus atrophy of the type seen in idiopathic
steatorrhea. Later, the patient suddenly de
veloped acute peritonitis. At operation we
found that the jejunum had perforated through
an area of reticulum-cell sarcoma. This area
was resected but nothing was done about
many other areas where similar tumours were
seen. Later another area of tumour perforated
and the patient died. At autopsy, we found
multiple tumour nodules that involved the
jejunum and, to a lesser extent, the ileum. No
normal mesenteric nodes were found.
C ase 4 .— Miss F.P., a 68-year-old woman,
was admitted to hospital in August 1967 with
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acute peritonitis. In 1960 she had been treated
for anemia and diarrhea. In 1963 a diagnosis
of idiopathic steatorrhea was m ade when a
jejunal biopsy showed atrophic villi. At this
time her stool fat was 35%, and her xylose
tolerance curve was low. Her response to a
gluten-free diet and prednisone was excellent.
She gained 20 lb. and had only two form ed
stools each day. She continued this way for
four years and then, two months before ad 
mission, in spite of treatm ent she becam e ill
with abdominal discomfort and stools of in
creasing frequency. Acute peritonitis devel
oped 12 hours before admission. At opera
tion, we found that a segment of jejunum
had perforated through an area of H odgkin’s
disease. This segment was resected but the
patient died nine days after operation. At
autopsy, Hodgkin’s disease was found in two
areas of jejunum but there was no tumour in
the mesenteric nodes or elsewhere in the body.
D isc u ssio n

There appears to be a relationship be
tween idiopathic steatorrhea and smallbowel lymphomas. The long history of
bowel dysfunction in three patients (Cases
1, 2 and 4) suggests that the steatorrhea
preceded the lymphoma. In two more
(Cases 2 and 4) the response to treatment
for steatorrhea was excellent initially but
became poor later, indicating a change in
the pathological process in the small
bowel. Thus, it might be assumed that the
lymphoma occurred after the onset of
steatorrhea. Certainly, jejunal biopsies in
patients with idiopathic steatorrhea dem
onstrate a change from normal in architec
ture and in the cellular pattern of the
mucosa. Harris et al.s followed 202 patients
with idiopathic steatorrhea for an average
of 8.2 years, and found 14 lymphomas and
13 carcinomas of the gastrointestinal tract.
No patient who had a gastrointestinal car
cinoma had had steatorrhea for less than
10 years. From their study, they concluded
that a gluten-free diet appeared to de
crease the risk of malignant complications.
Sum m ary

Patients with lymphoma of the small
bowel have a period of chronic ill health
before abdominal symptoms begin. Almost
one-half these patients are operated upon
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as emergencies because of perforation, ob
struction or massive bleeding. Without
earlier diagnosis, the chances of cure or
significant palliation by operation, radia
tion or chemotherapy are poor. There is
evidence to support the claim that lymph
omas may develop as a complication of
idiopathic steatorrhea. This change should
be suspected when the patient with the
features of idiopathic steatorrhea fails to
respond to the usual management or re
lapses after a period of successful treat
ment. Lymphomas associated with steator
rhea are more likely to be in the jejunum
and usually are reticulum-cell sarcomas or
Hodgkin’s disease. From this study of 18
such patients, we have concluded that all
patients with a diagnosis of idiopathic
steatorrhea should be followed closely for
many years and early abdominal explora
tion should be seriously considered if they
relapse despite good treatment.
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Resu m e
Les malades presentant des lymphomes de l’intestin grele traversent une periode de mauvaise
sante chronique avant que n’apparaissent les
symptdmes abdominaux. Pres de la moitie des cas
sont operes d’urgence a cause d’une perforation,
d’une occlusion ou d’une forte hemorragie. Sans
un diagnostic precoce, les chances de guerison ou
de traitement palliatif valable, par intervention
chirurgicale, par radiopathie ou par chimiotherapie, sont assez rares. Certains faits semblent
prouver que le lymphome serait une complication
de la steatorrhee idiopathique. Cette complication
devrait etre soupgonnee lorsque le malade souffrant de steatorrhee idiopathique ne repond plus
au traitement habituel ou fait une rechute apres
un traitement couronne de succes. Les lymphomes
associes a la steatorrhee sont situes principalement
dans le jejunum et sont des reticufo-sarcomes ou
des sarcomes de Hodgkin. Nous avons fait une
etude de 18 malades et nous en concluons que
tous les cas de steatorrhee idiopathique doivent
etre suivis pendant de nombreuses annees; une
exploration abdominale precoee doit etre serieusement envisagee en cas de rechute apres un bon
traitement.
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REVIEW ARTICLE
CLINICAL COURSE AFTER GASTRIC FREEZING:
LONG-TERM FOLLOW-UP OF 74 PATIENTS AND A REVIEW OF
THE LITERATURE0
J. A LEXA N D ER M cINTYRE, M.D., F.R .C .S.[C ], F.A .C .S .,f
SYED JA L IL , M.D., C.R.C.S.fC] and MERVYN D E IT E L , M.D., F.R .C .S.[C ],

Toronto, Ont.

St. Josephs Hospital, Toronto, from
May 1963 to June 1964, gastric freezing
was done for duodenal ulcer in 85 patients
who otherwise would have required opera
tion. Gastric secretory tests were per
formed before and after the freezing. The
results obtained and the statistical analysis
of these results were reported previously
by McIntyre and Brindis.1 We stopped
gastric freezing in June 1964 because the
short duration of gastric secretory depres
sion convinced us that gastric freezing
would not cure duodenal ulcer.
Subsequently, although the morbidity
and mortality of this procedure were ex
tremely low, others also stopped because
of the high incidence of recurrence of
ulcer.
Even though the procedure has been
abandoned in most centres, we wish to
report our follow-up of the clinical
response to freezing in 74 of these 85 pa
tients and discuss the relationship of this
response to the alterations in gastric secre
tion. The interesting, and as yet unex
plained, feature of this follow-up is that
17 of these 74 patients continue to have
complete or marked relief of symptoms.
The complications associated with this pro
cedure are also discussed and pertinent
literature on gastric hypothermia is re
viewed.

At

M a t e r ia l s

and

M ethod

Of the 85 patients, 78 were men and 7
were women. They ranged in age from 19
to 62 years—most were between 25 and
40 years. Early in the series, four patients
underwent a second gastric freezing; thus,
“ From the Department of Surgery, St. Joseph’s
Hospital, 3 0 The Queensway, Toronto, Ont.
tM em ber, Janes Surgical Society.
This paper is part of the Robert Janes Memorial
Volume (1 9 6 9 ) .

the procedure was done 89 times. Subse
quently, we decided to consider the recur
rence of symptoms as indicating that this
method of treatment had failed and refreezing was no longer recommended.
All patients had radiological evidence of
duodenal ulcer, either as a crater or severe
deformity of the duodenum. In all, the
characteristic symptoms had persisted de
spite medical treatment. Many had had
perforations or hemorrhage, but none had
suffered from pyloric obstruction or gastric
ulcer.
In these patients, standard gastric freez
ing was done for 60 minutes using the
method of Wangensteen.24 The gastric
balloon was filled with absolute alcohol,
circulated and cooled with a Swenko unit,
maintaining an average inflow temperature
of —17° C. and an outflow temperature of
-1 0 ° C.
C o m p l ic a t io n s

of

F reezin g

Gastrointestinal Bleeding
Five patients (5.9%) bled from the upper
gastrointestinal tract; they had either
hematemesis on the day of the freezing or
hematemesis and melena during the next
two days. Two vomited small quantities of
blood (less than 250 c.c. of black blood)
and did not require a transfusion. Three
had more severe blood loss, remained in
hospital, and were given several transfu
sions. One of these latter patients had pre
viously filed three times from a duodenal
ulcer but, in this episode, there was a
definite relationship between the bleeding
and the freezing. All five made an excel
lent recovery and had no further bleeding.

Gastric Ulcer
Three patients (3.5%) developed a gas
tric ulcer; later, two were treated by
gastric resection and one by vagotomy and
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pyloroplasty. A fourth patient developed a
gastric ulcer 3.8 years after freezing; this
was treated by vagotomy and subtotal gas
trectomy at another hospital. There was no
instance of perforation of the stomach.
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III, AVF, AYR, V5 and V6. Eleven
(20.8% ) had low T-waves in limb leads
and V5 and V6. Two patients (3.8% ) de
veloped transient auricular fibrillation and
one (1 .9 % ) had ventricular premature
beats.

Circulatory Collapse
During freezing, two patients developed
shock—with faintness, pallor, and clammy
extremities, associated with a fall in blood
pressure and tachycardia. Active, voluntary
muscle exercises restored the circulatory
hemodynamics to normal.
D am age to Surrounding Organs
Pancreas.—Three patients had elevation
of serum amylase, with values of 420, 254
and 208 Somogyi units. None had the clini
cal signs characteristic of pancreatitis.
Liver.—Four patients had increased bromsulphalein retention (BSP) and three pa
tients had elevated serum glutamic oxalo
acetic transaminase (SGOT) levels follow
ing freezing. There was, however, no other
evidence of liver dysfunction.
E lectrocardiographic Changes
Because the stomach and heart are close
together, the heart is cooled more during
gastric freezing than during systemic hypo
thermia. We studied the effects of this low
temperature upon the myocardium by fol
lowing the electrocardiographic changes
during freezing.
In 53 patients electrocardiograms were
made before, during and 24 hours after
freezing. Six had abnormal tracings before
freezing; in the remaining 47 the electro
cardiogram was normal. Of those with ab
normal tracings, one had a tracing typical
of old anterior-wall infarction, one had a
right bundle-branch block, and four had
significant T-wave alterations.
Of these 53 patients, 17 (32% ) had no
electrocardiographic changes during freez
ing. Of the 36 (68% ) who had abnormal
tracings during the procedure, all but 1
subsequently reverted to the pre-freezing
pattern.
The most frequent change noted during
freezing was T-wave alterations indicating
myocardial ischemia. Twenty-one patients
(39.6% ) had inverted T-waves in leads II,

Mortality
None of the patients died.
C l in ic a l C o uese A f t e r G a st r ic
F r e e z in g

Of these 85 patients, 74 were followed
for at least three years and ten months.
By April 1, 1968, 31 (36.5% ) had under
gone vagotomy and drainage or partial gas
trectomy for one or more of the following
reasons: intractability (30), gastrointestinal
bleeding ( 5 ) , pyloric obstruction ( 4) , gas
tric ulcer (4 ) and perforation (1) . The
time interval between freezing and sub
sequent operation ranged from 2 to 53
months, the average being 14.2 months.
Electrogastrograms— recordings of the
changes in electrical potential in the gastric
wall—were done on six patients who had
gastric freezing and later were operated
upon. These tracings, which generally
show regular waves, showed a high inci
dence of disorder in the intrinsic electrical
rhythm.5
The subsequent course of the other pa
tients who have been followed for 3.8 to
4.9 years is as follows:
C om plete or m arked relief .—Seventeen
patients (20.0%) have had no disability, no
dietary restrictions and do not take medi
cations regularly. Their symptoms, when
present, have been very mild.
M oderate im provem ent.—Nine patients
(10.6%) have had mild symptoms that were
controlled by dietary restriction and oc
casional medication. These patients con
sider that gastric freezing has produced
moderate improvement in their symptoms.
Slight or no im provem ent.—Seventeen
patients (20.0%) have had persistent dis
abling symptoms, which are poorly con
trolled by diet and medication.
It is important to note that five patients
deteriorated four years after freezing. In
three, their symptoms increased in severity,
and two required operation (vagotomy and
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drainage in one, and subtotal gastrectomy
in the other) after their symptoms had
been markedly or moderately relieved for
four years.
R

e l a t io n
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For the purpose o f comparison, we have
divided the patients into three groups:
Group A (worst)— 31 patients who were
operated upon— complete failure of the
freezing.
Group B (best)— 17 patients who had
marked or complete relief of symptoms
—freezing clinically successful.
Group C (total)— all 74 patients, regard
less of clinical result.
We studied gastric secretion before, 12
hours after and 3 months after freezing,
measuring volume, pH, and total acidity
in mEq./l. as titrated to pH 7.0, of the
eight-hour
(overnight)
secretion.
We
measured vagal response by the standard
insulin-stimulation (Hollander) test and
antral response by peptone-broth stimula
tion. The Hollander test was considered
successfully performed only if the blood
......

GroupA -required operation

——

Group B -marked or complete relief

--- Group

pH

Pre-Freeze

Post-Freeze

Post-Freeze

Fig. 2a

sugar fell to 50 mg./lOO ml. or less. For
comparison of different measurements we
only included the results of analyses that
had been successfully completed on the
three successive occasions.
In comparing the gastric secretory
changes, we first calculated the average
value for volume, pH and total acidity for

C -all patients

No. o( Patients

Pre-Freeze

Post-Freeze

Post-Freeze

Fig. 1.—Eight-hour overnight volume. Only pa
tients in whom a particular test was performed
successfully on all three occasions are included in
this and subsequent graphs.

Pre-Freeze

Post-Freeze
Fig. 2b

Post-Freeze
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pH

mEq./l.

Pre-Freeze
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No. of Patients

Post-Freeze

Post-Freeze

Fig. 2.—pH changes, (a) Eight-hour overnight
secretion, (b) Insulin test, (c) Peptone test.

Fig. 3b

G roups A , B and C. T h e cu rve fo r each
m easurem ent w as p lo tte d fo r the p r e 
fre e zin g , 12-hour p o st-freezin g, and 3m onth p o s t-fre e zin g values. F in a lly , to
re c o g n ize any va ria tio n in the gastric

secreto ry changes in th e th re e gro u p s w it h
d iffe re n t c lin ic a l responses, th e cu rv e s o f
each test o f G roups A , B an d C w e r e
su p erim p o sed (Figs. 1-3).

mEq./l

mEq./l.

Pre-Freeze
Pre-Freeze

Post-Freeze
Fig. 3a

Post-Freeze

Post-Freeze

Fig. 3c
Fig. 3.—Total acidity, (a) Eight-hour overnight
secretion, (b) Insulin test, (c) Peptone test.
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Eight-Hour Overnight Volume (Fig. 1)
In all three groups, the overnight vol
ume dropped in the 12 hours after freez
ing, and rose by 3 months. The increase in
volume in Group C (all patients) was less
than in the other groups. In Group B (good
clinical result), the volume at three months
was greater than it was before freezing.
pH Changes (Fig. 2)
Overnight secretion.—In all patients, the
pH increased 12 hours after freezing and
decreased to pre-freeze levels after 3
months. In Group B, the pH was higher
before freezing and remained slightly
higher than in the other groups three
months after freezing.
Insulin test.—After insulin stimulation,
the pH also increased 12 hours after freez
ing; however, 3 months later insulin stimu
lation gave about the same pH as before
freezing. These changes were most marked
in Group B.
Peptone test.—Very little change oc
curred in pH or volume after freezing in
Groups A, B or C.
Total Acidity (Fig. 3)
Overnight secretion —In patients in
Groups A and C, the total acidity de
creased 12 hours after freezing and rose
to the pre-freeze level 3 months later. Pa
tients in Group B had a slight increase 12
hours and 3 months after freezing.
Insulin t e s t —The total acidity fell at 12
hours and returned approximately to pre
freeze levels at 3 months. The fall in total
acidity at 12 hours was most marked in
Group B.
Peptone test.—No significant change in
total acidity occurred in any of the groups
after freezing.

D iscussion
We found no significant correlation be
tween clinical response and gastric secre
tory changes when volume, pH, total
acidity of overnight secretion and peptone
test were compared. The differences be
tween the various groups, when present,
were quite subtle and insignificant.
Insulin stimulation after freezing, how
ever, caused a greater increase in pH and
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less total acidity in those patients who had
marked relief (Group B), than in the pa
tients in the other two groups. These
patients may have had a greater inhibition
of vagal activity after freezing which,
though not sustained, gave prompt relief
of ulcer symptoms. This marked decrease
in acidity with insulin stimulation 12 hours
after freezing was not seen in every pa
tient who continued to have lasting relief;
hence, insulin stimulation cannot be used
to predict which patients will have perma
nent relief of symptoms after gastric freez
ing.
There is no logical explanation for the
success of freezing in the 17 patients who
had marked or complete relief of symp
toms. However, the work of Artz, Kent
and Winn6 may shed some light on this
improvement. They studied the effects of
gastric freezing by interposing 20 cm. of
ileum between the stomach and duodenum
in 53 dogs—29 controls and 24 dogs who
underwent gastric freezing. Twenty-seven
of the 29 controls (93%) either died of
duodenal ulcer complications or had an
ulcer at autopsy three months later. In
contrast, only 11 of 24 dogs (46%) sub
jected to gastric freezing three days before
the ulcerogenic operation died of ulcer
complications or had an ulcer at autopsy
three months later.
This experiment casts doubt on the
“witchcraft” concept of freezing. It may
yet be shown that there is some real, al
though as yet unknown, mechanism
through which our 17 patients obtained
their satisfactory clinical response.

C hanges in G astrointestinal
Radiographs
In 58 patients, gastrointestinal series
were made before and three months after
freezing; the radiographic changes noted
are shown in Table I. All patients had evi
dence of duodenal ulceration—either a
crater (the majority) or marked duodenal
deformity before freezing. In no patient
did the radiographs become normal after
freezing. Thirty-one patients still had an
ulcer crater three months after freezing;
22 (66.5%) were operated upon subse
quently.
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TABLE I.

Radiographic finding
before freezing
Crater seen

R evie w

R a d io g r a p h ic C h a n g e s F o l l o w in g G a s t r ic F r e e z in g

Number of Radiographic finding
patients
after freezing
50

No crater seen, severe
duodenal deformity

of th e
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8

Number of
patients

Clinical results

Crater persistent

29

18 patients required operation

No crater, only
deformity

21

3 patients required operation

Crater visualized

3

All required operation

Deform ity persistent

5

None required operation,
varying degrees of im provement

L iterature

mucosal pressure by the balloon; (4) rapid
decompression of the balloon without re
warming, causing adherent mucosa to rip
off; and (5) stasis from decreased gastric
motility. Barner et al.12 encountered three
“jet-thrust” gastric ulcers in 91 patients.
Although one of these perforated, none of
the patients died following freezing. Lippman, Morgenstem and Panish13 were able
to nullify the “jet-thrust” effect by m odi
fying the infusion tip o f the cooling ap
paratus with multiple pin-point exit holes
to dissipate the intense pressure.
Holland and Morkovin14 described a
post-freeze” gastric ulcer that adhered to
spleen and diaphragm, and produced
pneumonitis, pleurisy and effusion in the
adjacent hemithorax. Another of their pa
Complications of Gastric Freezing
tients had lower esophageal perforation
due
to faulty balloon placement. In de
Gastrointestinal hemorrhage.—O f Manscribing
technique and precautions, Owen
loves7 55 patients, 5 had massive upper
Wangensteen’s
group4 emphasized that a
gastrointestinal bleeding after freezing,
and Spellberg et al.8 reported that 5 of 64 trained physician must be in attendance
patients bled after freezing. According to and that the inflow temperature must be
Stephen Wangensteen et al,,9 6 of 31 pa above —20° C.
In 1965, a panel'4’ reviewed 934 freezing
tients bled from the upper gastrointestinal
tract and 4 developed gastric ulcers fol procedures done on 669 patients; 26 de
lowing freezing. Owen Wangensteen et veloped a gastric ulcer, 3 with perforation.
al.™ reported that, after 810 episodes of Forty patients bled, two developed a
gastric freezing in 605 patients, 3.8% had fistula, one patient sustained a gastric rup
ture and one an esophageal leak. No pa
melena and 2.8% had gastric ulceration:
tients died.
none died.
Animal studies.—The effects of freezing
Gastric ulcer.—A. man described by
have
been studied in animals. Shingleton
Lisker, Stahlgren and Tumen11 developed
two gastric ulcers after freezing. These et a l reported that, after freezing in 32
produced symptoms on the eleventh day dogs, 8 developed a gastric ulcer. Mcllrath
after freezing and he was operated upon
and Hallenbeck1' noted that, as freezing is
on the twenty-ninth day. They attributed performed, the stomach does not actually
the ulcers to: (1) the jet effect of the cool fieeze. When the stomachs of dogs or pigs
ant causing a localized area of marked are frozen solidly, necrosis follows. In
hypothermia; (2) excessively low tempera dogs, Stephen Wangensteen et al.18 noted
ture or overly prolonged freezing; (3)
that, after one hour, the mucosa appeared
In 1962, Owen Wangensteen et al.2 intro
duced gastric freezing in an attempt to
control intractable duodenal ulcer in pa
tients who would otherwise have required
an operation. This procedure, which was
studied intensively at several medical
centres, was used as definitive treatment
for patients with an ulcer that did not
respond to conservative therapy or had
bled more than one month before freezing.
The procedure was abandoned following
clinical trial when it was found that the
relief from duodenal ulcer was temporary
in a large percentage of patients, and that
there was no sustained alteration in gastric
secretion.
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to be extensively frozen and had a shell
like lining of ice. Twelve hours after freez
ing, the stomach often showed mucosal
hemorrhage and, on the second or third
day, the mucosa showed multiple super
ficial erosions. With two hours of freezing,
dogs developed free perforations.
After freezing, dogs showed gross gastric
injury which consisted of: (1) full-thickness
destruction of gastric wall with gangrene;
(2) full-thickness injury of gastric wall with
extensive mucosal ulceration; (3) injury of
the mucosal layer with bullous edema and
superficial erosion, with or without small
areas of ulceration; (4) minor superficial
mucosal erosion; (5) minor ecchymosis of
the mucosa without erosion.
Histological studies were done. When a
dog’s stomach is actually frozen (to a
temperature of 0° C. or less, recorded
directly) and sacrificed 24 hours later, the
findings were similar to those seen in frost
bite.3' 19 For the first two to three days,
there are mucosal edema and hemorrhages,
and intracellular ice crystals cause vacuolation of the parietal cells. There is also
chief-cell injury (shown by diminished
digestive power of gastric juice) and some
swelling is seen in mucous cells. The sub
mucosal vessels contain microthrombi. The
Auerbach’s plexus is injured, but there are
no dramatic changes in the muscle and
other deep tissues. By the fourth day, the
hyperemia and edema subside.
According to Kolig and Marx,19 hemor
rhage and gastric ulceration seen in oc
casional patients indicate that, in the
gastric wall, subzero temperature had been
reached clinically. Lennard-Jones et a ir 0
showed that, in dogs at open operation, the
mucosa was damaged by direct application
for 15 minutes of temperatures below
—3.5° C. but not above —3.5° C. He, and
Marx and Kolig,21 found that muscle was
more resistant to cold than mucosa, and
that acid-secreting mucosa was more sensi
tive to cold damage than antral or eso
phageal mucosa.
Benjamin et a ir 2 believe that the super
ficial blebs and localized mucosal necrosis
are due to shunting of blood from the
stomach, and to intravascular clotting in
the submucosa. Atik et al.2S found that giv
ing intravenous low molecular weight dex-
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tran to dogs during freezing reduced the
number and size of gastric ulcers. The
mucosa was protected because sludging
was prevented, the arterial blood flow de
clined less and hence the temperature of
the gastric wall declined less. Owen Wan
gensteen’s group10 also found that low
molecular weight dextran and ingestion of
fluids buffered with sodium bicarbonate
minimized mucosal change.
Results of direct examination in p a
tien ts—In human beings, this examination
was limited to gastroscopy. In an unstated
number of patients, Owens, Brown and
Sullivan24 observed intense erythema, dif
fuse edema and bulla formation, which
lasted from 24 to 48 hours, and, in two
patients, Berg, Geisel and Necheles25 noted
occasional mucosal hemorrhage and necro
sis associated with moderate hemorrhage.
According to Spellberg et al.,s the changes
seen 24 to 48 hours after freezing were
compatible with superficial gastritis, and
were most marked in the body and fundus
of the stomach. When the stomach was
examined several months later, these find
ings had disappeared. Nabseth et al.,26
using a Rubin biopsy tube after freezing,
found hyperemia and hemorrhage micro
scopically in five of eight patients; some
patients had necrosis of the mucous glands.
According to Allcock et al.,2' the edema
produced by gastric freezing usually per
sists for 7 to 10 days, and during this
period precludes any definitive operation.
Before this method of therapy is used,
therefore, the physician must be certain
that the patient will not require an opera
tion, especially a patient who has bled
from the gastrointestinal tract.
Freezing was most useful in the manage
ment of stomal ulcer, intractable duodenal
ulcer, or duodenal ulcer which had bled
or perforated more than one month pre
viously.28 It was contraindicated in gastric
ulcer or pyloric obstruction; three of Owen
Wangensteen’s patients who had gastric
freezing for duodenal ulcer with pyloric
obstruction required subsequent gastric
resection.3
M iscellaneous complications.—In Stephen
Wangensteen’s patients,9 the serum amy
lase did not rise with gastric freezing but,
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as described earlier, became elevated in sion and esophageal varices, and was less
three of our patients. One patient in Hitch
in bleeding gastric ulcer, steroid
cock’s series1’9 developed pancreatitis after effective
ulcer
and
hemorrhagic gastritis. It was also
freezing.
used
in
coagulation
defects (two hemo
Hershfield, Lind and Hildes30 found that philiacs and one vitamin-K
deficiency).40
gastric hypothermia had no adverse effect Cooling stopped the bleeding
in 37% to
on BSP clearance in normal subjects. As 88% of patients39' 41-44 but it recurred
noted earlier in this report, a few of our hours to two weeks later in 50% to 71% six
of
patients had definite elevations of BSP and those controlled initially.42- 43 Gastric cool
SGOT after freezing.
has been used as a temporary or an
One patient of Spellberg’s8 and two of ing
cillary
in acutely ill patients, al
Garcia s31 went into shock during gastric lowing measure
the
surgeon
time to put the patient
freezing but responded to vasopressors. in optimal condition for
41- 4B- 46
1wo patients developed pleural effusion McFarland and Gow4'operation.39found
that
and one thrombocytopenia purpura follow cooling had no advantage over thegastric
con
ing gastric freezing.32
servative
management
of
upper
gastro
Electrocardiographic alterations. —After
bleeding. Rodgers, Older and
freezing, ECG changes are reported in intestinal
Stabler42
warned
procedure must
from 77%31 to more than 90%33'35 of pa be used cautiouslythatin this
those
pulmo
tients in contrast to Wangensteen’s early nary diseases, because death with
from
pneu
report that no ECG changes were noted monia was frequent.
when six patients were monitored.3 The Cali, Glaubitz and Crampton48 describ
most frequent change noted31' 33 was a ed a patient who had to have a laparotomy
decrease in voltage or inversion of T-waves for
bleeding after he had had
in leads II, III and AVF, prolongation of 102 persistent
hours
of
In addition to a
electrical systole, and tachycardia. Left axis gastric ulcer, thecooling.
man
had
a large area of
deviation of QRS and extrasystoles were full-thickness gangrene along
the greater
less common.36 Fifteen per cent of patients curvature, which was the result
of pro
had a shift in the axis towards horizontal.33 longed hypothermia and the pressure
of
These alterations disappeared slowly in the the balloon against the mucosa. During
first 10 minutes after freezing was finished, gastric cooling for uncontrollable hemor
except in one patient who had athero rhage, Perey, Helle and MacLean49 re
sclerotic heart disease.36 One patient with ported
that the balloon became discon
an old myocardial infarction had no elec nected from
the tube and alcohol escaped,
trocardiographic changes with freezing.36 producing acute
alcoholic intoxication,
Rose and Harrell33 found that 3 of 26 pa which was successfully
managed by hemo
tients developed atrial fibrillation, which dialysis.
reverted to normal after 24 hours. More We believe that gastric cooling is still
severe changes were seen in patients in useful
in patients who are very poor risks
whom the outflow temperature was lower.31 for operation
or have coagulation defects,
Gastric cooling—Gastric “cooling” was or when operation
must be deferred in the
introduced by Owen Wangensteen et aid7 actively bleeding patient
for any reason.
in 1958 before “freezing” was used for the
elective treatment of intractable duodena] Long-Term Residts
ulcer. He used cooling in the emergency
Kent and Winn6 showed that gas
treatment of acute, massive, upper gastro tricArtz,
freezing
had a definite effect on ulcer
intestinal hemorrhage. Wangensteen et al.38 disease in dogs
that had 20 cm. of ileum
found that intragastric cooling reduced interposed between
stomach and duo
peptic activity, gastric secretion and gastric denum. When compared
to “non-frozen
blood flow. Inflow temperatures of 0° to controls”, freezing gave significant
10° C. were continued for several hours to tion from ulceration during the protec
early
several days.39
months after the ulcerogenic operation.
Generally, it was most successful in In nearly all patients ulcer pain disap
bleeding from duodenal ulcer, gastric ero pears immediately after freezing.3-9 Six
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weeks later, 75% of patients still have no
symptoms.15 Six months later, asympto
matic patients vary from 12%,15 38% ,9
39.8%,29 50% 8 to 60% ;15 and one year
later, 21%,32 37% ,9 to 44% 12 are free of
symptoms.
As noted earlier, 20.0% of our patients
have had complete or marked relief after
a minimal follow-up of 3.8 years. In the
literature, from 23% 12 to 33% i_'
of pa
tients after freezing have required opera
tion to control their ulcer. With our longer
follow-up, 36.5% of our patients eventually
required surgical intervention.
With such a high recurrence rate, the
procedure does not appear to alter signifi
cantly the eventual course of the dis
ease.17, 25 However, it may be useful in
intractable duodenal ulcer if the patient
is a very poor risk for operation.1
Bernstein50' 51 pointed out that gastric
freezing is valuable in postgastrectomy
stomal ulcer. All but 9 of his 33 patients
had relief after one “freeze”. Eight were
controlled by refreezing and only one pa
tient required operation to control his
stomal ulcer. However, his longest follow
up was too short to enable him to draw
definite conclusions.
Rutledge and Bronwell52 emphasized
that the surgeon must demonstrate the
duodenal ulcer before freezing the
stomach. They described a patient with
ulcer symptoms and radiologic evidence of
duodenal deformity who was treated by
gastric freezing. Symptoms persisted and,
at operation two months later, the patient
had a carcinoma of the antrum and py
lorus.
Secretory Studies
Immediately after freezing there is a
significant reduction in the volume and free
hydrochloric acid produced during over
night secretion and in response to insulin
stimulation.1, 3> 34’ 53 However, these
values return to the pre-freeze level in
three weeks53 to a few months.1, ■4 Six
months later, the gastric acidity tests are
similar to the pretreatment values.8, 9 Of
Scott’s32 patients, however, 18% still had
reduction in free acid one year later.
No statistical correlation was found be
tween post-freeze gastric secretory values
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and relief of symptoms.10, 29, 32, 3a How
ever, as noted earlier with our patients, a
lower acidity in insulin-stimulation tests at
12 hours after freezing has been found to
correlate with the group which, on follow
up, continues to be asymptomatic.
M echanism o f Pain R elief
The mechanism of pain relief, though
not definitely known, has been attributed
to temporary sympathetic denervation, de
creased motility, destruction of ganglion
cells in Auerbach’s plexus, temporary elimi
nation of hydrochloric acid and pepsin, and
increased mucous secretion.15, 28 However,
in rats, decreased mucin secretion has been
found after freezing.54
Using cinefluoroscopy, Owens et al.u '
showed that gastric motility had returned
to normal one day after freezing, but was
decreased again the next day; it was nor
mal again six weeks later.
That pyloric emptying is not altered,
despite depression of gastric secretory
response to insulin, suggests that the in
trinsic nerve plexuses were damaged; in
effect, freezing produces a selective vago
tomy.3 Klotz15 attributed the effect of
freezing to a temporary incomplete vago
tomy because he found no evidence of
decrease in gastrin secretion by the an
trum. Also, histamine studies do not sug
gest that cells become unresponsive after
freezing. Using augmented histamine tests,
Nabseth et al.‘2e did not find that the gas
tric acidity was depressed after freezing.
By both direct vagal stimulation and sham
feeding in dogs after freezing, Klotz and
Christodoulopoulos55 found that the gastric
vagal response was markedly decreased
but the histamine response was not altered
and no significant changes were seen on
mucosal biopsy.
Freezing has a different effect from ir
radiation. Irradiation of the fundus and
body of the stomach in the form of 1650
R. ortho voltage or 2000 R. 60Co in 10
divided doses decreases the volume and
free acid in basal and stimulated fractions
observed three weeks after irradiation;
this change is present three months
later.28, 53, 50 Irradiation directly damages
the gastric mucosa and destroys parietal
and chief cells.28,53
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The psychological effect of gastric freez
ing probably contributes to the relief of
symptoms.8' 29 In a double-blind study in
which eight patients had standard Wan
gensteen freezing and eight controls
underwent sham freezing, Zikria et al.57
found that both groups were asymptomatic
at the end of a week. Only the freeze
group had a significant reduction in acidity
at one week after freezing; there was no
difference in acidity at three and six
months in the two groups. The recurrence
of symptoms was higher in the group that
had undergone freezing. Apparently, psy
chogenic influences are extremely impor
tant in this dramatic and highly publicized
procedure.28
Gastric secretory changes and clinical
results after multiple gastric freezing show
that the alterations are temporary, as with
the first freeze.58 According to Karacadag
and Klots,58 repeat freezing duplicates the
temporary selective vagotomy achieved in
the first freeze, without enhancing the
therapeutic effect.
Su m m a ry

and

C onclusions
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The literature on gastric freezing has
been reviewed. Although the late results
of gastric freezing are disappointing and,
like other workers, we have abandoned the
procedure, 17 (20% ) of our patients, on
long-term follow-up, continue to have com
plete or marked relief of symptoms.
In spite of low morbidity and mortality,
the high incidence of ulcer recurrence
after gastric freezing precludes its con
sideration in the treatment of duodenal
ulcer.
We are indebted to the members of the medi
cal and surgical staff, the Department of Labora
tories, the nursing staff of the Intensive Care
Unit, and Mrs. D. Vera for their assistance in this
endeavour. We are particularly grateful to Dr.
Charles E. Knowlton, Chief of Staff of St. Joseph’s
Hospital, Toronto, for his continual encourage
ment and stimulation.
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R esu m e
Soixante-quatorze des 85 patients ayant subi
,n L C0ngeJ atl0ns §astriques entre mai 1963 et juin
1964 au St. Joseph s Hospital de Toronto ont ete
revus; tous avaient regu ce traitement pour un
ulcere duodenal.
Voici un bref apergu des complications de la
congelation: hemorragie gastro-intestinale, cinq
cas; ulcere gastrique, trois cas; collapsus cardiovasculaire, deux cas. Trois patients avaient une
amylase sanguine elevee mais sans preuves cliniques de pancreatite. Quatre malades avaient une

MANAGEMENT OF GASTRIC AND
DUODENAL ULCERS
The current views in Germany on the opera
tive management of gastric and duodenal
ulcers are discussed. It should be recalled that
many large series with excellent end results
and low mortality rates were reported in the
hist few decades of this century and that
variations of the standard subtotal gastric re
sections, such as the Billroth II method and
the Hoffmeister modification, have been de
vised and used clinically.
Consequently, a standard two-thirds sub
total gastric resection including the lesser
curvature to the left gastric artery is still in
the author’s opinion, the correct or definitive
procedure for gastric and duodena] ulcers. He
anticipates that this operation can be per
formed electively with a mortality rate of
0.5% to 3% and with good results in about
90%. The familiar early and late complica
tions, and the familiar operative techniques
designed mostly to prevent both the earlv and
late dumping syndrome are discussed.
The author points out that vagotomy is
limited to duodenal ulcers. He recognizes that
a drainage procedure must be carried out be
cause of gastric atony, and that patients with
hypersecretion are the best subjects for vago
tomy. Again, the anticipated mortality rate is
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retention accrue de bromosulfonephtaleine (BSP)
et trois avaient des taux eleves de transaminase
serique glutano-oxalacetique (SCOT) mais aucun
autre signe de lesion hepatique. Les changements
trouves dans les electrocardiogrammes sont
esquisses.
A F)es 74 malades qui ont ete suivis, 31 ont du
etre operes parce que les symptdmes d’ulcere
avaient re-apparu, 17 n ont pas ete—ou fort peu—
ameliores, 9 ont ete moderement ameliores et 17
n avaient virtuellement plus aucun symptome.
Aucune correlation n a pu etre etablie entre Tame
lioration clinique et les modifications de la secre
tion gastrique.
La litterature est passee en revue aux points de
vue suivants: les complications de la congelation
gastnque, hemorragie et ulcere gastrique; les ex
periences faites sur les animaux; les examens
gastroscopiques chez rhomme; les modifications de
1 electrocardiogramme; les resultats a long termeles etudes sur la secretion et sur le mecanisme
du soulagement de la douleur.
Les auteurs, en conclusion, declarent que
i ulcere duodenal ne doit pas etre soigne par la
congelation gastrique.

low, that is, from 0.3% to 1%, and the degree
of healing is from 85% to 95%.
Vagotomy is, however, not without its draw
backs, and these are discussed extensively.
Perhaps the most serious of these is the high
rate of relapse and recurrence, in some re
ported series being as high as 28%. Diarrhea
is a well-known post-vagotomy complaint, and
the usual 10% incidence rate was noted in the
authors experience. Diarrhea combined with
atony of the gallbladder, gallstones, and chole
cystitis is referred to as the extragastric vago
tomy syndrome.
For recurrent ulcer, the preferred treatment
is further resection or else standard classic
gastiic resection if the previous operation has
been a vagotomy and drainage procedure.
VV hen there is recurrence, the Zollinger-Ellison syndrome with or without multiple endo
crine tumours must be considered.
The usual surgical methods of closing perfoi ated ulcers are mentioned briefly, as are
combined procedures, without any particular
lecommendation. Although there is a place for
conservative treatment of perforated ulcers,
early diagnostic laparotomy is favoured for
bleeding. When no source of bleeding can be
observed, so-called blind gastric resection is
advised.— Kunz, H.: Der heutige Stand der
operativen Behandlung des Magen-Zwoelffingerdarm-Geschwuers, M unschen. M ed W schr
110: 1689, 1968.
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CASE R EPO R TS
REPLANTATION O F A C O M PLETELY SEV ERED ARM FO LLO W ED
BY R E AMPUTATION BECAUSE OF FA ILU R E O F INNERVATION0
A. F . HALMAGYI, M.D., F.R .C .S.[C ],t C. B. BAKER, M.D., F.R.C.S.[C],
F A C S J H H. CAMPBELL, M.D., B.Sc.,§ J. G. EVANS, M.D.,
F.R.C.S.[C]U and L. J. MAHONEY, M.D., F.R.C.S.[C], F.A.C.S.,11 Toronto, Out.

While he was being treated, a second team
attended to the severed arm. The arm, which
pletely severed extremities are becoming
was covered in coal dust, was cleaned and im
more numerous; however, many of these mersed in ice. The brachial artery and vein
extremities do not function. In contrast to were cannulated, and continuous perfusion was
limbs that are cleanly severed, limbs that
started with Ringer’s lactate to which heparin
have been avulsed can rarely, if ever, be and penicillin had been added.
Approximately 1/2 hours after the injury, the
implanted because the nerves are irrepar
ably damaged. Our experience confirms patient was taken to the operating room for
this. The present case report illustrates replantation. The stump and the severed arm
many of the technical difficulties encoun were thoroughly cleaned. The bone ends were
rongeured but not significantly shortened. The
tered during replantation or during the
two ends were fixed in apposition by a Kiintpostoperative period, and emphasizes some scher nail introduced through the olecranon
of the factors responsible for the failure of fossa. The gaps in the brachial artery and in
function after replantation.
one deep vein were bridged with saphenous
vein grafts. We could restore the continuity of
only one other vein— one in the subcutaneous
C a se R e p o r t
plane. After the circulation was re-established,
P.S., a 58-year-old workman, was admitted
the radial pulse was bounding. The arterial
to the emergency ward of St. Michael’s Hos
circulation of the limb was adequate but the
pital, Toronto on December 13, 1966 following
venous circulation was precarious. W e attempt
an industrial accident. His right arm had been
ed to anastomose the nerves but never found
avulsed completely two inches above the el
the ulnar nerve; the median nerve had been
bow. He also had minor lacerations of the right
avulsed from the forearm and only the radial
ear and left leg. Shortly after he arrived, the
nerve could be joined. The muscle groups
severed arm was brought to the hospital.
were sutured but there was insufficient skin to
A robust man, in excellent physical condi
close the wound completely and a gap was left
tion, he had no evidence of internal injuries.
posteriorly. The wound was dressed in a bulky
His blood pressure was 130/90 mm. Hg; his
dressing and a posterior plaster splint applied.
pulse rate was 80/min. He was in no acute dis
At the end of a five-hour procedure, the pa
tress. Bleeding from the stump had stopped
tient had a bounding radial pulse but the capil
and he was not in shock.
lary circulation was sluggish and venous re
turn inadequate. The arm was swollen and
“From the Department of Surgery, St. Michael s
slightly cyanotic. The patient received 10,000
Hospital and the University of Toronto, Toronto,
c.c. of balanced electrolyte solution and 3000
Ont.
c.c. blood during the procedure.
fChief Resident Surgeon, St. Michael’s Hospital,
After the operation, he was taken to the in
Toronto.
tensive care unit where the arm was elevated
iJCardiac Surgeon, St. Michael’s Hospital. Assistant
on pillows. He received 500 c.c. of low mole
Professor of Surgery, University of Toronto.
cular weight dextran daily, heparin 75 to 100
§Plastic Surgeon, St. Michael’s Hospital.
mg. every six hours according to the clotting
JlOrthopedic Surgeon, St. Michael’s Hospital. As
sistant Professor of Surgery, University of Toronto.
time, penicillin one million units every four
I|General Surgeon, St. Michael’s Hospital. Assistant
hours, and sodium oxacillin 500 mg. every six
Professor of Surgery. University of Toronto. Mem
hours.
ber, Janes Surgical Society.
Transfusions were given volume for volume
Reprint address: Dr. A. F. Halmagyi, North York
General Hospital, 4001 Leslie Street, Willowdale,
as measured by estimated loss, the clinical con
Ont.
dition of the patient, and daily hemoglobin
This paper is part of the Robert Janes Memorial
and hematocrit measurements. The leukocyte
R e p o r t s of successful replantation of com

Volume (1 9 6 9 ).
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decompression of the arm in this manner would
jeopardize the patient’s life; on the other hand,
if the blood was not diverted the arm would
be lost. The next day the patient’s general
condition had improved, but the arm had de
teriorated; the radial pulse was only faintly
perceptible.
Finally, we created a shunt from the previ
ously cannulated vein of the right hand to the
veins of the left hand. The venous pressure in
the right arm was high enough so that, with
care and continuous supervision, enough blood
was shunted across to decompress the con
gested limb. After the shunt had been working
for a time, the appearance of the arm mark
edly improved, swelling decreased and circu
lation now seemed adequate (Fig. 1 ).
The patient remained in the intensive care
unit for 25 days. During this period he re
ceived 42 units of blood, chiefly because of
blood loss. His hemoglobin finally stabilized
at 13 g./lOO ml.
A hematoma that had developed under the
posterior skin flap of the proximal stump be
came infected but the infection subsided after
the blood clot was evacuated. An area of pres
sure necrosis also developed on the medial
side of the elbow.

J-

~
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Fig. 1.—Diagram of the venous shunt. Blood
flow is indicated by arrows in the inserts. Reser
voir bottles, A and B, containing electrolyte solu
tions are used to irrigate the tubing system. Tub
ing other than that in the mid-section is clamped
at all times (D and E), and opened only to flush
the tubing between the two extremities. Heparin
( C ) is used as necessary. The pressure gradient
between the two extremities is sufficiently high to
shunt large quantities of blood.

—

V

count and clotting times were estimated daily.
Several blood cultures were taken from the af
fected arm and from another systemic vein, and
urine was sent to the laboratory for red cell
and myoglobin estimations.
During the first day the patient’s general
condition remained good; the dressing was
completely changed and the arm was inspect
ed. The forearm was warm; the radial pulse
was strong; however, the aim was markedly
swollen, slightly cyanotic and the capillary cir
culation was poor. The venous drainage was
considered to be totally inadequate. To facili
tate venous decompression, a cut-down was
made on the dorsum of the right hand (affect
ed side) and attached to an open collection
bottle. The blood was replaced volume for
volume. In 24 hours, 5600 c.c. of blood was
drained off. During this period the patient
went into shock and the drainage system had
to be clamped. It was clear at this point that

Fig. 2.—Venogram at 16 days showing the patent
superficial vein.
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During the first 25 days the patient also de
veloped systemic complications. During the
first week, he had hematuria, which was con
trolled by reducing the dose of heparin. Also,
a heavy growth of B. pyocyaneus was cultured
from the posterior skin flap and the patient’s
temperature rose to 102° F . During the second
week he became toxic and the organism was
recovered from the blood stream on successive
cultures. W e had to choose between the pa

Vol. 12

tient’s general health and the survival of the
extremity. Consequently, on the sixteenth day,
the shunt was discontinued. A venogram, taken
on the preceding day, showed that only one
superficial vein crossed the suture line (Fig.
2 ). Fortunately, by this time, sufficient col
lateral venous circulation had developed to
provide adequate venous return. The septi
cemia was controlled by adding chloramphe
nicol to the penicillin and oxacillin. All anti-
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biotics were discontinued at the end o f the
third week. During this period the patient had
hemoptysis. A chest film confirmed the clinical
impression of pulmonary embolus, which had
occurred even though the patient had been re
ceiving heparin since the operation. Eventu
ally, however, the pulmonary changes cleared
completely. L ow molecular weight dextran
was discontinued 25 days after operation.
After the patient left the intensive care unit,
we started intensive physiotherapy which in
cluded galvanic stimulation. Radiographs
showed some evidence o f callus formation at
the fracture line. Although the arm was slight
ly swollen, the colour, temperature and nutri
tion appeared almost normal. Healthy granu
lation tissue had filled in the area of skin ne
crosis. On examination o f the arm, there was
no evidence of motor or sensory nerve func
tion. The patient was in excellent spirits and
his general condition was satisfactory.
On January 19, 1967 the skin defect on the
medial side of the elbow was covered with a
graft. After the operation the patient devel
oped cardiac arrhythmia that was attributed
to atherosclerotic heart disease. He was started
on quinidine and the arrhythmia improved.
Tw o more grafts were laid on before the area
was completely covered.
At the time of the second skin graft on
February 22, the median and ulnar nerves
were explored. The distal and proximal ends
of the ulnar nerve were found and joined endto-end. Because the distal end of the median
nerve could not be found, the proximal end
of the median was attached to the proximal
end of the ulnar nerve (end-to-side) in the
hope that some median nerve fibres might re
generate along the distal ulnar trunk. The last
skin graft was done on March 21, three days
before the patient was discharged.
At the time of discharge, the edema in the
arm was minimal but there was no evidence of
nerve recovery. Clinically and radiologically
the fracture had not united and, despite in
tensive daily physiotherapy, the movement in
all joints was greatly limited. While in hospital
he wore an arm splint which maintained ab
duction at the shoulder to at least 90°. After
discharge, daily physiotherapy was continued.
Bony union was slow, but clinically the frac
ture became stable and the soft tissue healing
was complete (Fig. 3 ) five months after his
injury.
His subsequent course was discouraging. H e
had causalgia in his arm which was very diffi
cult to control. Five and one-half months after
the injury, there was still no evidence that any
nerve function had returned. On faradic stimu

lation, there was no innervation o f the fo r e 
arm and the hand. The patient becam e p re o c
cupied with his arm and quite depressed. B e
cause there was no hope that the arm w ould
recover, an above-elbow amputation was done
on June 4.
At operation bony union was satisfactory. A
neuroma had formed at the transection site on
all three nerves; the muscles were pale, e d e 
matous and on stimulation contracted sluggish
ly. His postoperative course was uneventful.
He started a program o f rehabilitation im 
mediately and a prosthesis was fitted so that
he could return to work as quickly as possible.
On examination o f the amputated extremity,
there was patchy necrosis o f the articular car
tilage o f the joints (Fig. 4 ) . The tendons had

Fig. 4.—Capitellum (X) and the head of the ra
dius (Y) showing gross hemorrhage and necrotic
changes involving the articular cartilage.
adhered to the tendon sheath and the gliding
motion was severely limited. T he muscles were
pale and edematous. As noted above, neuro
mas had form ed at the transection line o f all
three nerves and distally there was extensive
waUerian degeneration with fibrosis. The mus
cles showed edem a and fibrosis with advanced
atrophic changes (Fig. 5 ).
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Fig. 5.—Muscle from the amputated forearm (A-low power and C—high power photomicrographs)
showing fragmentation and interstitial fibrosis (B and D-normal muscle at the same magnifications for
comparison).

D iscussion

Malt and McKhann1 did the first suecessful replantation of severed extremities

in 1964. Eiken et al.2 i and Lapchinsky5
discussed the technical aspects of replantation and the physiological changes associ-
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ated with the procedure. From Japan,
Inoue et al ,8 described six patients in
whom completely or virtually completely
severed limbs had been replanted during
a two-year period—October 1962 to Octo
ber 1964.
In spite of technical advances and the
surgeons familiarity with local and sys
temic complications, the failure rate in re
plantation is high. In the patient described
in the present report, the replantation was
a technical success, but the arm had no
function. Although viability depends upon
the restored arterial and venous circulation,
the replanted extremity is useless without
adequate reinnervation.
The basic principles of replantation have
been described in detail elsewhere.110 In
our opinion, it makes no difference whether
the arteries or veins are anastomosed first.
Nerve repair is probably much more im
portant. Inoue et al.° showed that the re
turn of function was significantly improved
if the repair was done at once: not only is
it more difficult to find the nerves in the
dense scar tissue at a second exploration
but complications in the immediate post
operative period may significantly delay
nerve repair. Our failure in the present
case was due chiefly to the fact that we
did not repair the nerves at the first opera
tion.
In the immediate postoperative period,
the principal problem is inadequate venous
return because it is difficult to anastomose
enough veins. Several methods have been
described by which to decompress an ex
tremity,11 but to our knowledge, the shunt
described in this paper has not been used
before. The shunt has several advantages:
a suitable systemic vein is readily available
on another extremity and the blood can
thus be returned to the patient immedi
ately through a closed system. The system
itself is simple and requires only standard
intravenous tubing. The pressure gradient
in the venous shunt is usually sufficiently
high so that blood flow from the affected
extremity is adequate and enough blood is
shunted across to decompress the limb.
Without the shunt, our patient’s arm would
have become gangrenous in a few days.
The shunt must be continued until there
is adequate regeneration of lymphatic and
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venous channels. This occurred in 16 days.
This method of decompression may be em
ployed not only after replantation, but also
in the treatment of acute venous throm
bosis, crush injuries, wringer injuries, in
deed in any clinical situation where venous
return is acutely embarrassed.
The shunt has serious disadvantages,
however. First, infection may be spread
either by shunting blood to the systemic
circulation from a potentially infected area
or from an already established infection.
Constant supervision is necessary to keep
the shunt open. If the pressure gradient is
low, frequent manipulations of the tubing
may not only introduce infection but dis
lodge emboli. If silicone tubing is used,
thrombus formation may be prevented
even if the circulation is sluggish. If cannulation of a vein is prolonged, thrombo
phlebitis may develop. During the period
the shunt is in use the patient’s rehabilita
tion is delayed.
Despite adequate circulation, serious
pathological changes developed in the re
planted arm in the six months that it was
attached. A neuroma formed in each nerve
at the transection line. In the nerves them
selves there was extensive wallerian de
generation and no myelinization. The
muscles became edematous and marked
interstitial fibrosis developed. The tendons
were almost completely fixed to their
sheaths. Adequate new bone formed at the
fracture line but the cartilage of the joints
showed extensive degenerative changes.
We made several errors: first, at 58, a
workman, even though he is physically fit,
is too old to undergo the one to two-year
ordeal1’ 8’ 810 necessary to regain satisfac
tory function. Replantation should b e con 
sidered only in children and young adidts.
Second, after the avulsion, we did not
shorten the proximal humeral shaft suf
ficiently and, hence, the anastomosis of
arteries and veins was made unnecessarily
difficult. To bridge the gap we had to use
vein grafts. Bone ends must b e shorten ed
adequ ately so that soft tissues, vessels and
nerves can b e approxim ated. Third, we
now know that when we were unable to
repair all the nerves at the first operation,
the limb was doomed. Primary nerve re
pair is essential.
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C onclusions

With present techniques, upper-limb replantation should be attempted only in
children and young adults. The proximal
humeral shaft must be shortened ade
quately so that soft tissues, vessels and
nerves can be approximated without ten
sion.
Primary nerve repair is essential: the
ultimate fate of the replanted limb de
pends on regeneration of the nerves. W ithout primary nerve repair, it is highly un
likely that a useful, functioning extremity
can be obtained. At replantation, if venous
return is inadequate, the shunt described
here may keep the extrem ity alive by di
verting trapped venous blood until collaterals develop.
We are indebted to all medical, nursing, labora
tory, photography and secretarial personnel at St.
Michael’s Hospital, Toronto who contributed to
the care of this patient and to the preparation of
this report.
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MANAGEMENT OF ESOPHAGEAL
PERFORATION
The availability of effective antibiotics has
permitted the physician to treat successfully
small perforations of the esophagus. The fact
that some small perforations can be treated
successfully by conservative management is
not questioned; however, difficulty arises in
determining whether the perforation is small
both in physical size and in the amount of
mediastinal soilage that can occur from it.
Many patients treated initially by conservative
supportive measures are ultimately recorded
as operative failures when, two to four days
after the institution of antibiotic therapy, de
terioration of the patient prompts belated
operative intervention.
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R esum e

Avec les techniques actuelles, la replantation du
membre superieur ne devrait etre entreprise que
chez l’enfant ou l’adulte jeune. La diaphyse numerale proximale doit etre raccourcie de fagon
adequate afin que les tissus mous, les vaisseaux et
les nerfs puissent etre rapproches sans etirement.
La reparation des nerfs primaires est essentielle:
le succes final de la replantation depend de la re
generation des nerfs. Si les nerfs primaires ne recommencent pas a fonctionner, le membre ne
pourra pas travailler et sera inutile. Si au cours
de la replantation le retour veineux est insuffisant,
le shunt decrit dans cette presentation permet de
devier la stase veineuse en attendant que se developpe une circulation collaterale.

Nineteen patients with esophageal perfora
tion that occurred between 1952 and 1956
were reviewed at the Minneapolis Veterans
Administration Hospital. The overall mortality
was 26%. Eleven patients were treated con
servatively, with a 36% mortality rate; six
required operative intervention one to three
days after the institution of medical manage
ment. Four (67%) of these six patients died.
Of eight who had surgical treatment as soon
as the diagnosis was made, one died, a mor
tality of 12%. The death in this group followed
a proximal gastrectomy performed for carci
noma of the stomach.— Youngs, J. and Nicoloff, D.: Management of esophageal perfora
tion, Surgery, 65: 264, 1969.
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APPENDICOCECAL INTUSSUSCEPTION: A CASE REPORT*
IRW IN H. KRASNA, M .D ., F.A.C.S., F.A.A.P.f and
HARVEY E. BEARDMORE, M .D., C.M., F.R.C.S.[C], F.A.C.S., F.A.A.P.,t
Montreal, Que.

I ntussusception o f the appendix, an un
com m on lesion, is itself an unusual cause
o f ileocolic intussusception. Fraser,1 re
view ing the literature in 1943, found about
100 cases o f intussusception of the appen
dix. Rarely is this made as a preoperative
diagnosis or is a barium study perform ed
with this lesion in mind.
W e describe a patient with intussuscep
tion o f the appendix w hich progressed to
an ileocolic intussusception. Barium exami
nation show ed a filling defect in the cecu m

Fig. 1.—Flat plate o f the abdomen on admis
sion. There is a moderate amount of gas in the
distal small bow el but no gas in the colon.

“ From the Department o f Pediatric Surgery, The
Montreal Children’s Hospital and McGill Univer
sity, Montreal, Que.
fFormer Chief Surgical Resident, The Montreal
Children’s Hospital. Associate in Surgery, Mount
Sinai School of Medicine, New York, N.Y.
^Associate Surgeon, The Montreal Children’s H os
pital. Assistant Professor, Department of Surgery,
McGill University, Montreal.

w hich suggested that an appendiceal lesion
was present.
C ase R eport
A.P., a 7-year-old boy, entered the Mont
real Children’s Hospital on July 14, 1962 with
a 36-hour history of vomiting and crampy ab
dominal pain. The pain, which was localized
to the right lower quadrant and periumbilical
region, was colicky. He had no previous his
tory of abdominal pain and no previous
operations.
His temperature was 98° F., pulse rate 9 6/
min. and respiration 22/m in. A sensation of
emptiness on palpation in the right lower
quadrant (Dance’s sign) was detected, and a
sausage-shaped mass was palpated in the
right upper quadrant. During episodes of colic,
high-pitched bowel sounds were heard. There
was no bloody stool or blood on the examin
ing finger. The hemoglobin was 11 g./lOO ml.
and the leukocyte count 9 0 0 0 /c.mm. with a
normal differential. The child did not appear
toxic or acutely ill. The clinical diagnosis was
intussusception.
The flat film of the abdomen (Fig. 1)
showed a moderate amount of gas in the small
bowel which was confined almost entirely to
the distal portion; there was no dilatation o f
individual loops. The colon contained no gas.
When the barium enema was done (Fig. 2),
barium flowed freely from the rectum to the
proximal portion of the ascending colon. A
large intraluminal filling defect was seen in
the area of the cecum and proximal portion
of the ascending colon. The features of the
radiograph were characteristic of an intus
susception. Initially, barium did not enter the
terminal ileum or appendix. After evacuation,
fluoroscopy showed barium in the terminal
ileum, but a filling defect in the cecum (Fig.
3) remained. (We did not expect to see a
residual filling defect in the cecum after
barium entered the terminal ileum because we
thought the ileocolic intussusception had been
reduced. The remaining defect was the appendicocecal intussusception and was the rea
son for the second barium enema 48 hours
later.)
Since the obstruction had been relieved by
the barium enema, the only treatment the
child received was intravenous fluids and
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nasogastric suction for the next 24 hours.
Bowel movements were normal. The oral
fluids were well tolerated. Forty-eight hours
later a second barium enema was performed
(Fig. 4). The barium flowed up into the cecum
and outlined the filling defect seen previously.
This filling defect, which was radiolucent,
projected into the lumen of the cecum and
measured about 4 x 2 cm.

Fig. 2.—Barium enema on admission. Note the
intussusceptum and a large filling defect in the
cecum.

Fig. 4.—Barium enema 48 hours after admis
sion. A rounded filling defect occupies the cecum.

Fig. 3.—Barium enema on admission. The ter
minal ileum is now filled with barium, but there
is a filling defect in the cecum (arrow).

Because the cecal mass had persisted the
abdomen was explored on July 18, 1962. No
intraluminal or extraluminal masses were found
in the cecum except at the caput. Here the ap
pendix had intussuscepted (Fig. 5) and could
not be reduced. The base of the appendix
could be palpated through the cecal wall and,
because a tumour of the appendix could not
be excluded, the appendix and a cuff of
attached cecum were resected. The cecum
was carefully examined and then closed in
two layers. The patient made an uneventful
recovery and was discharged seven days later.
The base of the appendix had invaginated
into the cecum (Fig. 6). The muscular coat of
the cecum was continuous with that of the
appendix. On microscopy there was marked
lymphoid hyperplasia of the appendiceal wall,
which produced marked narrowing of the
lumen and focal ulceration of the mucosa.
The lumen contained exudate rich with poly
morphonuclear leukocytes. There was no evi
dence of malignancy.
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Fig. 5.—Cecum at operation. The base of the
appendix is intussuscepted into the cecum and
only the distal one-half of the appendix is visible.

D isc u ssio n

In 1953 Forshall,2 having reviewed the
literature on appendiceal intussusception,1,8
classified the various types that may occur.
In well over one-half of the recorded cases,
the intussusception found at operation was
secondary. The patient is usually operated
upon as an emergency with a diagnosis of
appendicitis or ileocolic intussusception.
When a barium enema examination is per
formed, the radiologist usually interprets
the findings as representing: a polyp,
lipoma or even carcinoma of the cecum,
or carcinoid or mucocele of the appendix.
The etiological factors have been classi
fied by Forshall2 into anatomical and irrita
tive. Among the anatomical factors are a
wide appendicular lumen, a thin, mobile
mesoappendix, and the absence of perito
neal folds about the appendix. Irritative
factors include worms, foreign bodies,
polyps, mucocele, and hypertrophied lym
phoid follicles or mucous membranes.
Mitchell4 described two allergic children
with chronic intussusception of the appen
dix who were successfully treated by
appendectomy.
Mucocele of the appendix, which has
been reported to cause appendiceal intus
susception,5 10 should be suspected when a
filling defect persists in the cecum after
the intussusception is reduced following a
barium enema.

Fig. 6.—Resected appendix including a cuff of
cecum, showing the invaginated portion of the
appendix.
Sum m ary

Intussusception of the appendix, an un
common condition, is an unusual cause of
ileocolic intussusception. A 7-year-old boy
presented with symptoms of ileocolic in
tussusception. While a barium enema re
duced the ileocolic intussusception and
showed free flow of barium into the termi
nal ileum, a filling defect persisted in the
cecum even after the obstruction had been
relieved and symptoms had disappeared.
Repeat barium enema done 48 hours after
the first one revealed a persistent filling
defect in the cecum. At laparotomy this
proved to be an appendicocecal intussu
sception that was irreducible and required
resection of the appendix with a cuff of
cecum. Following an uneventful recovery
this boy was discharged from hospital,
seven days after operation. The pertinent
literature is also reviewed.
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CYANOACRYLATE ADHESIVES AS
TO PICA L HEM OSTATIC AIDS
This study establishes the efficacy of certain
cyanoacrylate monomers as topical hemostatic
aids. The model used was an attempt to
duplicate a particularly unfavourable type of
liver wound— an open area which is not ap
posed to another body surface. Every effort
was made to achieve maximum survival with
the use of currently standard methods in the
control group, short of the use of resuscitative
fluids, antibiotics, and drainage. With this
model we could not confirm the efficacy of
methylcyanoacrylate as a hemostatic agent on
liver wounds in dogs, but we could demon
strate the efficacy of the more rapidly poly
merizing, better spreading compounds.
However, a disturbing finding was the high
incidence of local sepsis. Antibiotics were not
used, making this a particularly severe test
in this regard. Nevertheless, a contaminated
field will be present in many suitable clinical
situations. The incidence of local sepsis was
high in this study (almost one-third), and ex
amples of persisting sepsis were found up to
21 months after application. These polymer
films are not homogeneous plastic masses, but
rather they are lamellar or honeycombed struc
tures which might be expected to contribute
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10. Z e i f e r , H. D.: Intussusception of appendix;
report of case and review of literature,
J. Mount Sinai Hosp. N.Y., 18: 125, 1951.

R esu m e
L ’invagiriation de l’appendice est une rarete
clinique et c’est une cause exceptionnelle dune
invagination ileo-colique. Les symptomes de cette
pathologie se rencontraient chez un gargonnet de
7 ans. Un lavement baryte permit de reduire
l’invagination ileo-colique et le lavement baryte
s’ecoulait librement dans l’ileon terminal. Un defaut de remplissage persistait neanmoins dans le
cecum, meme apres que l’obstacle eut ete leve
et que les symptomes eussent disparu. Un nou
veau repas baryte, donne 48 heures plus tard,
revela la persistance du defaut de remplissage
situe dans la tete du cecum. Une laparotomie
permit de constater que ce defaut etait attribuable
a une invagination appendico-cecale irreductible.
On proceda a la resection de l’appendice et d’une
bande de cecum. Apres une convalescence sans
incidents, le gargonnet regut son conge le septieme jour postoperatoire. Les auteurs passent en
revue la litterature pertinente.

to persistent local sepsis. It should be pointed
out that a similar incidence of local sepsis was
found in the control group and in animals
treated with the rapidly degrading methyl, but
never after several months in groups in which
the polymer was not present.
This points up the desirability of a com
pound which will degrade within a reason
able period of time. Methyl does this, but
it is locally necrotizing, clearly less effective in
topical hemostasis, and forms a weaker tissueto-tissue bond than the longer alkoxy com
pounds. Branched alkoxy homologues are
effective and may degrade more rapidly, but
this was not very evident with the isobutyl
used in this study. Mixtures of compounds
have been studied in the hope of combining
the best features of various groups, but with
little success.
In the present study, even the most effec
tive cyanoacrylates could not stop brisk bleed
ing by topical application alone. Clearly there
were limitations to their use as hemostatic
aids, but in low-pressure bleeding from an
accessible surface which can be temporarily
dried, they may be clinically useful when
standard techniques have failed.—Collins, J. A.
et a l.: Cyanoacrylate adhesives as topical
hemostatic aids. I. Experimental evaluation on
liver wounds in dogs, Surgery, 65: 2 5 6 , 1 9 6 9 .
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STR A N G U L A T E D O B T U R A T O R H E R N IA P R E SE N T IN G AS
SU BCUTANEOUS E M PH Y SE M A O F T H E T H IG H 0
B. M. L. KAPUR, M.S., F.R.C.S.(Edin.), F.I.C.S.,t and
D. K. SHAH,
New Delhi, India.

O bturator hernia was first recognized by
de Rensil who described such a case to
France’s Royal A cadem y o f Sciences in
1724. Hilton did the first laparotomy for
strangulated obturator hernia in 1848 and
in 1851, Henriobre operated successfully on
a patient with this type o f hernia. It should
be noted that this diagnosis is rarely made
before intestinal symptoms develop or b e
fore emergency laparotomy is done.13 It is
unusual for a patient with strangulated o b 
turator hernia to present with chronic com 
plaints and subcutaneous emphysema o f
the upper thigh. Such a patient is the sub
ject of this report.

charged from it. On vaginal examination, no
mass or other abnormality was detected. Her
hemoglobin was 10.2 g . / 1.00 ml.; total leuko
cyte count was 9800/c.mm.; erythrocyte sedi
mentation rate was 10 mm. in one hour (Westergren). The urine and liver function tests
were normal. A plain film of the abdomen
showed multiple gallstones and osteoarthritis
of the left hip. A radiograph of the pelvis done
on September 27 showed increased soft-tissue
density (“cellulitis”) with gas on the right
side (Fig. 1). When opaque medium was in-

C ase Report

G.D., a 60-year-old woman, was admitted to
the Medical Institute Hospital, New Delhi, on
September 21, 1967 with complaints of inter
mittent pain in the abdomen for 13 years, and
pain in the front of the right thigh for the last
15 days. She was attending the orthopedic
clinic of the Hospital for the pain in her thigh.
On investigation, she was found to have chole
lithiasis for which she was admitted to the sur
gical ward. She had no history of abdominal
distension, vomiting or acute abdominal pain
before this admission. Two years before, she
had had a vaginal hysterectomy for prolapse
of the uterus.
This woman had a pulse of 100/min., a
temperature of 37.8° C. and a blood pressure
of 140/98 mm. Hg. Her respiratory and car
diovascular systems were within normal limits.
The abdomen was scaphoid with tenderness
and mild rigidity in the right hypochondrium.
The right hip had a fixed flexion deformity of
90° and any movements of it were painful. An
abscess in the thigh just below the right greater
trochanter was drained on September 22. Gas
bubbles escaped when the deep fascia was in
cised. A draining sinus resulted. Antibiotics
were administered and the hip movements re
turned to normal but the sinus persisted. Some
pus and occasional gas bubbles were dis°From the Department of Surgery, All-India In
stitute of Medical Sciences, New Delhi, India,
f Assistant Professor of Surgery.
^'Registrar in Surgery.

Fig. 1.—Radiograph o f the pelvis and upper
one-half of the right thigh showing soft-tissue
cellulitis with gas.

jected, the sinus tract was seen to travel superi
orly, anteriorly and medially (Fig. 2 ). It ap
peared to communicate with the rectum be
cause the medium spilled into it (Fig. 3 ). The
lower limit of the tract was the mid-shaft of
the femur. An upper gastrointestinal series and
barium enema revealed no abnormalities.
W e made a provisional diagnosis of Rich
ter’s hernia of the right obturator canal and did
a laparotomy. The right lateral wall of the
large bowel at the rectosigmoid junction had
herniated into the right obturator canal. W e
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Fig. 3.—Sinogram showing dye spilling into the
rectum.
Fig. 2.—Sinogram showing the tract.
could not reduce the hernia so we cut the
bowel flush with the internal obturator open
ing. The hole in the right lateral wall of the
rectosigmoid was stitched in two layers trans
versely. The mucous membrane left behind in
the obturator canal was fulgurated, and the
internal end of the canal was closed with two
interrupted sutures. The pelvic peritoneum was
mobilized and sutured over this area.
A corrugated drain was left outside the peri
toneum. The postoperative period was unevent
ful and the sinus healed completely.
D isc u ssio n

Obturator hernia is uncommon in men;
only 16% of those in Watson’s series4
were male. This hernia is usually seen in
patients between the ages of 50 and 80. The
diagnosis of reducible obturator hernia is
seldom made and presenting symptoms are
usually those of the acute intestinal ob
struction that follows strangulation. Stran
gulation is common because the internal
opening of the obturator canal is unyield
ing—made up as it is by the bony wall
above, and the steep edge of the firm in
elastic obturator membrane below. This
condition can be diagnosed before opera
tion if the physician thinks of obturator
neuralgia (Howship-Romberg’s sign). This
sign is present in most of these patients,5

but is overlooked because obturator hernia
is so uncommon. The strangulated obtura
tor hernia is usually of the Richter type and
a tender mass is not palpable on rectal or
vaginal examination.
In his large collected series, Watson4
found that strangulation had occurred 1 to
30 days before the patient was operated
upon or died. The patient described in this
communication had a Richter’s type of
strangulation, which was misinterpreted as
an episode of acute cholecystitis. She did
not have complete intestinal obstruction and
her bowels were moving. A small area over
the apex of the affected loop sloughed off,
allowing only gas to escape into the tissues.
The gas tracked downwards, separated the
tissue planes, and presented as an abscess
on the lateral thigh just below the greater
trochanter. When the abscess was incised
and drained, and antibiotics were adminis
tered, the local inflammation subsided. The
patient then was free of symptoms except
for a sinus which occasionally discharged a
few bubbles of gas.
It is difficult to reduce the contents in
obturator hernia and excise the sac com
pletely.5 It is much easier and less shock
ing in patients with Richter’s type of stran
gulation to cut the bowel flush with the in
ternal obturator foramen and repair the
defect. There is little chance of recurrence:
first, the portion of the bowel left in the
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obturator hernia w ill produce fibrosis; and
second, the obturator foram en is now extraperitoneal.
Su m m a r y
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symptoms, diagnosis, differential diagnosis,
prognosis and treatment, 3rd ed., The C. V.
Mosby Company, St. Louis, 1948, p. 457.
5. K w o n g , K. H. and O ng , G. B .: Obturator
hernia, Brit. J. Surg., 5 3 : 23, 1966.
R esum e

A 60-year-old woman had an unusual
strangulated obturator hernia w hich pre
sented as subcutaneous em physema o f the
thigh. The hernia, w hich was of the R ich 
ter type, was not reduced. T he trapped
bow el was resected , the d efect repaired,
and the internal end of the obturator canal
closed. T h e p atien t m ade an uneventful
recovery.
R eferen ces

1. A d a m s , H. D. an d S m it h , D. C.: Obturator
hernia; report of a successful operative case,
}. A. M. A., 137: 948, 1948.
2. D esm o n d , A. M. and H o t t e r , F.: Strangu
lated obturator hernia, Brit. J. Sure., 35:
318, 1948.
3. H a r p e r , J. R. and H o l t , J. H.: Obturator
hernia, Amer. J. Surg., 9 2 : 562, 1956.
4. W a tso n , L. F .: Hernia; anatomy, etiology,

FEM O RO PO PLITEA L OCCLUSIVE
D ISEA SE
An appreciation of the concept of critical
stenosis is of great practical significance in the
evaluation of patients for reconstructive arte
rial surgery. Aortoiliac stenosis that is asso
ciated with femoropopliteal occlusive disease
should be promptly detected, and treated ac
cordingly, before operation of the more distal
lesion is undertaken. This may improve the
long-term results of the reconstructive proce
dures and, at times, may even obviate their
use.
It appears from the present study that more
than 25% of the patients who have femoro
popliteal disease also display aortoiliac lesions
of hemodynamic significance. Serial arteriographic technique is a prerequisite for a com
prehensive assessment of the arterial lesions.
Detailed anatomic information of the arterial
disease of the lower extremity is obviously
essential for correct prognostic evaluation and
appropriate surgical indications.
An analysis of 321 arteriograms of the lower
extremity obtained by the transfemoral aortoarteriographic method disclosed a variety of
occlusive arterial patterns (tibial-peroneal,

Une femme de 60 ans presentait une deforma
tion douloureuse de la cuisse droite qui la fixait en
flexion a 90°; elle avait aussi un abces de la cuisse
droite juste en-dessous du grand trochanter. Lorsque fut incisee l’aponevrose profonde recouvrant
1’abces, des bulles gazeuses s’en echapperent. Bientot un canal se ferma, il etait dirige en haut, en
avant et vers le milieu et communiquait avec le
rectum. Le diagnostic pre-operatoire de hernie
etranglee de Richter (au niveau du trou obturateur) fut confirme a la laparotomie. L a hernie ne
fut pas reduite parce qu’il y avait de grosses adherences. Le gros intestin, a la jonction recto-sigmoidienne, fut reseque au meme niveau que le
trou obturateur interne et les lesions intestinales
furent reparees. L ’extremite interne du canal ob
turateur fut fermee et recouverte par le peritoine.
Ce precede operatoire est plus facile et cause moins
de choc que la reduction forcee classique. II y a
peu de chance de recidive, d’abord parce que la
portion d’intestin laissee dans la hernie du trou
obturateur donnera du tissu fibreux, et ensuite,
parce que le trou obturateur est maintenant extraperitoneal.

popliteal,
popliteal-tibial,
femoropopliteal,
femoropopliteal-tibial, and aortoiliac).
The incidence of femoropopliteal disease
as an isolated lesion was small (5 .2 % ) in con
trast to the combined femoropopliteal-tibial
patterns (49.2% ).
Three basic aortoiliac patterns were often
associated with the above lesions: (1) aortoiliac
stenosis, (2) unilateral iliac occlusion, and (3)
aortoiliac aneurysm. In addition, aortoiliac tor
tuosity was frequently an accompanying
featuie.
The hemodynamic significance of the aorto
iliac patterns was evaluated both clinically
and by means of simultaneous intra-arterial
pressure readings.
In this study, 27% of the aortoiliac lesions
of hemodynamic significance were associated
with femoropopliteal disease.
Appreciation of the concept of critical
stenosis of the aortoiliac segment is of great
practical significance in the evaluation and
treatment of the femoropopliteal lesions.—
Haimovici, H. and Steinman, C.: Aortoiliac
angiographic patterns associated with femoro
popliteal occlusive disease: significance in re
constructive arterial surgery, Surgery, 65: 232,
1969.
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EXPER IM EN T A L SURGERY
COMPENSATORY RENAL HYPERPLASIA0
JOHN G. CONNOLLY, M.D., F.R.C.S.[Eng. & C], F.A.C.S., JACK
DEMELKER, Ph.D. and CAROL PROMISLOW, M.Sc., Kingston, Ont.
T h e increase in size of the remaining kid
ney following unilateral nephrectomy is re
ferred to as “compensatory hypertrophy .
The use of this term has tended to obscure
the fact that hyperplasia is an integral part
of this phenomenon. While some of the in
crease in size is due to an enlargement of
nephrons, no new nephrons are formed.
Following unilateral nephrectomy, a peak
in the hyperplastic response can be dem
onstrated in the remaining kidney. Most in
vestigators have found that it occurs be
tween 36 and 48 hours after nephrec
tomy.1'4 The extent of the hyperplastic re
sponse is modified by many factors, such as
the age, diet and sex of the animals. While
there are conflicting reports on the effect of
hypophysectomy on the hyperplastic re
sponse,5’ 6 it still occurs following thyroid
ectomy, adrenalectomy or orchiectomy.
The mechanism through which the hy
perplasia is induced is not yet understood.
Braun-Menendez7 has summarized the evi
dence against functional overload as such
a mechanism. Ogawa and Nowinski,s and
Lowenstein and Stern,9 using tissue culture
techniques and in vivo studies, demon
strated a mitosis-stimulating humoral factor
in the serum of animals after unilateral ne
phrectomy. However, Kurnick and Lind
say,4 using similar techniques, could not de
monstrate such a substance. Argyris and
Trimble,10 working with mice, showed that
unilateral renal trauma produced hyperpla
sia in the contralateral organ. They con
cluded that the response was not due to
loss of renal mass but to the release of a
growth-stimulating substance from the
traumatized kidney. However, it has been
repeatedly demonstrated that the loss of
renal mass in unilateral nephrectomy stimu
lates hyperplasia of the remaining kidney.
It is possible that, following nephrectomy,

an organ-specific, mitosis-stimulating factor
is liberated9 or that the level of a growthinhibiting substance is decreased.1 In any
event, the remaining kidney increases in
size.
In the following experiments, we exam
ined some of the factors said to influence
mitotic activity in the kidney.
M aterials and M ethods

Ten-week-old, male, albino SpragueDawley rats were used throughout the ex
periments. The animals were kept on a
standard diet, food and water were given
ad libitum, and environmental conditions
were controlled. Because of the well-known
diurnal rhythm in mitotic activity of the
kidney, we observed a rigid operating time
schedule. The surgical procedures were
carried out between 2 and 4 p.m. and, in
most cases, the animals were sacrificed 42
hours after operation. In all procedures, the
kidney was exposed through a subcostal in
cision. The initial procedure (nephrectomy,
trauma or sham operation) was performed
on the right kidney.
In the experiments done to study the
effects of trauma, the mean depth of the
renal cortex in 10-week-old rats was deter
mined. Trauma was inflicted by puncturing
the cortex with a 20-gauge needle, the ex
tent of trauma being determined by the
number of punctures.
In the experiments done to study the
effects of homogenates and trauma on the
level of mitosis, the homogenates were
prepared by homogenizing 16 kidneys,
weighing a total of 19 g. in a Virtis 45
homogenizer. The final volume of homo
genate was made up to 64 ml. with Ring
er’s lactate solution. The homogenates,
which were frozen until needed, were in
jected intraperitoneally 18 hours before the
anticipated peak in hyperplastic response
“From tlie Department of Urology, Queen’s Uni
(42 or 48 hours).
versity, Kingston, Ont.
In the experiments done to investigate
This project was supported by Grant No. MA-2257
the
existence of a humoral factor, serum
from the Medical Research Council of Canada.
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was obtained from sham-operated, and
from nephrectomized rats 42 hours after
operation. Blood was removed from the ab
dominal aorta and allowed to stand in a
tube for 30 minutes. It was then centri
fuged for 10 minutes at 2000 rpm, and the
serum removed with a Pasteur pipette.
Serum from the animals in each group was
pooled, and injected intraperitoneally into
intact animals in doses of 3 ml. of serum
per 100 g. body weight. Tritiated thymidine
was injected intraperitoneally in doses of
0.7 /xc./g. body weight four hours before
the animals were sacrificed. The removed
kidneys were fixed in buffered formalin,
sectioned at 5p. thickness, mounted and
stained with hematoxylin and eosin. The
slides were dipped in Kodak NTB-2 nu
clear-track emulsion and exposed for three
weeks. After developing, the mitotic re
sponse in the tubular cells of the renal
cortex was determined by counting the
number of labelled nuclei (that is, cells
synthesizing DNA) per 50 high power
fields. Autoradiographic techniques were
used to determine the hyperplastic response
in all experiments except the first, where
mitotic figures were counted.
R esu lts

Mitotic Response Following
Unilateral N ephrectom y
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Fig. 1.—Mitosis in the kidney cortex at various
times after operation.

period was determined, and the greatest
mean difference was found to occur at 42
hours. The difference between the peak re
sponses was found to be statistically signifi
cant (non-parametric tests on ranks, P
< 0.01).

Using tritiated thymidine in vivo and
autoradiographic techniques, the hyperplas
tic response in the remaining kidney was
examined at 36, 42 and 48 hours after
nephrectomy. This experiment was repeat
ed to compare the results obtained using
tritiated thymidine and autoradiography
with those obtained by counting mitotic
T A B L E I . — DNA S y n th e sis

i n t h e R e m a in in g K i d n e y
A f t e r U n il a t e r a l N e p h r e c t o m y

T reatm en t

Unilateral
nephrectomy

N um ber
o f rats

H ou rs a fter
treatm ent

N u m b er o f la b els
p er 5 0 fie ld s *

6
6

36
42

93.8 i t 14.5
111.2 ± 12.7

Following unilateral nephrectomy, the
7
48
71.0 dh 7.5
extent of the mitotic response is found to Sham
2
36
17.5 i t 6.0
operation
2
42
14.0 i t 6.0
vary greatly with time, and appears to
2
48
14.0 ± 1.0
reach a peak within the first 48 hours.
♦Average i t standard error of the mean.
Early in this study, we investigated the
time at which such a peak occurs. Groups figures. Table I suggests that the greatest
of animals were sacrificed at 24, 28, 36, response occurred at 42 hours. However,
42, 48, 52 and 96 hours after unilateral statistical analyses suggest that the number
nephrectomy, and the removed kidneys of labelled cells at 42 hours was not signifi
were used as controls. The number of mi cantly higher than at 36 hours (students
totic figures in the tubules of the renal cor t test—P = 0.20). The sham values show no
tex was counted, and the mitotic activity such maximum in the number of labelled
expressed as number of mitoses per 1000 cells at 42 hours, therefore the peak in
cells counted. The maximum hyperplastic labelling in the nephrectomized group ap
response was found to occur at 42 hours pears to be due to kidney removal alone.
(Fig. 1). The data were analyzed in the fol
lowing manner: for each animal, the mitotic
Influence o f Renal Traum a on Mitosis in
rate in the control kidney (removed at the
the Contralateral Organ
time of the primary procedure) was sub
Two experiments were done to investi
tracted from that of the remaining kidney. gate the effects of renal trauma. In the
The mean of these differences for each time first experiment, two degrees of trauma
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T A B L E I I .— DNA S y n t h e s i s
l o w in g

in t h e I n t a c t K id n e y F o l 
U n il a t e r a l T r a u m a ( T w o E x p e r i m e n t s )

Treatment

T A B L E I I I .— T h e E f f e c t o f K id n e y H o m o g e n a t e on DNA
S y n t h e s i s in t h e I n t a c t K id n e y F o l l o w in g U n il a t e r a l
R en a l T rauma

Number Number o f labels
o f rats
per 50 fields*

(a) None............. ...................................
Sham operation........ ...................
Double needle insertion............
Multiple (14) needle insertions.
Unilateral nephrectomy............

7
7
6
7
7

34.4 z t
32.0 =b
3 1 .5 db
34.3 ±
162.9 ±

5.4
4.2
3.6
1.5
9.6

(b) None................................................
Sham operation............................
Double needle insertion............
Multiple (20) needle insertions.
Unilateral nephrectomy............

7
”
5
7
6

16.6 =t
16.3 ±
17.8 r t
22.9 ±
58.8 ±

2.6
3.3
0.8
2.0
10.0

* Average ± standard error of the mean.

were induced by puncturing the renal cor
tex with a 20-gauge needle 2 and 14 times
respectively. In order to measure the
hyperplastic response in this group, some
animals in the group were subjected
to unilateral nephrectomy. The data in
Table Ila indicate that, following unilateral
nephrectomy, there is a significant hyper
plastic response. Analysis of variance
among the means of the four remaining
groups reveals no significant difference.
The design of the second experiment was
similar to the first, except that the trauma
was made more extensive by increasing the
number of needle insertions from 14 to 20.
As in the previous experiment, there is
marked hyperplasia after unilateral ne
phrectomy (Table lib). The magnitude of
the hyperplastic response may vary with
each group of animals studied. This is why
it was determined as part of each experi
ment. However, despite the increased
trauma, an analysis of variance again
shows no significant difference among the
remaining groups. Therefore, it is apparent
that these amounts of trauma had little or
no effect on mitosis in the intact kidney.

Influence of Renal Trauma and
Homogenates on Mitosis in the
Contralateral Organ
Saetren1 demonstrated that kidney ho
mogenates inhibited the compensatory
hyperplastic response; however, when
smaller amounts were given, these homog
enates stimulated hyperplasia. In this part
of the study we elected to examine the
combined effect of trauma and homog
enates. (This experiment was designed be
fore the results of the trauma experiments
were known.) The data (Table III) indi
cate that trauma and homogenates together

Amount
(m l.)

Time o f
injection
(hours post
operation)

Kidney homogenate

1
1
4
4

24
30
24
30

16, 17
7. 7, 24, 49
8, 22, 29
1, 6, 15, 22

Suspending medium

1
1
4
4

24
30
24
30

35
34
46
36

injected

Number o f labels
per 50 fields o f
cortex*
(16.5)
(21.7)
(19.7)
(11.0)

*ln parenthesis, average value for each group.

have a depressing effect when compared
with controls (trauma and suspending me
dium).

Experiment to Study the Effect of
Post-Nephrectomy Serum
In this experiment, serum was obtained
from Sprague-Dawley rats 42 hours after
nephrectomy. It was pooled, and injected
intraperitoneally into intact animals in
doses of 3 ml./lOO g. body weight. The
animals were sacrificed 42 hours later. In
addition, some animals in the group were
subjected to unilateral nephrectomy, and
the remaining kidneys examined at 42
hours. The data indicate that these animals
were capable of a hyperplastic response
(Table IV). However, the animals that re
ceived nephrectomy serum did not demon
strate any significant response when com
pared with animals receiving normal serum.
Thus, we did not obtain any evidence of
the existence of a humoral factor.
T A B L E IV .— T h e E f f e c t
th e

M aterial
injected
Nephrectomy serum
Normal serum
Physiological saline

o f S e r u m on DNA S y n t h e s is in
K id n e y s o f R a t s

Condition
o f recipient
Intact
Intact
Unilateral
nephrectomy

Number Number o f labels
o f rats
per 50 fieute__
7
5
6

14.3 ± 3.4
14.2 ± 4.2
58.7 ± 7.2

♦Average =h standard error of the mean.

D is c u s s io n

After unilateral nephrectomy, the time at
which the peak in the hyperplastic response
occurs is variable. In some studies it was
found at 48 hours.1’ 11 Williams3 found a
peak at 40 hours, whereas Phillips and
Leong12 reported that a peak was reached
at 36 hours. Our own data suggest that, in
10-week-old Sprague-Dawley rats, a higher
incidence of mitosis occurs at 42 hours than
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at either 36 or 48 hours. Some of the differ response were re-examined. This study re
ence observed may be explained by the vealed that renal trauma did not stimulate
different time intervals studied because, in mitosis in the contralateral organ. W e were
some experiments, the time intervals exam unable to demonstrate a kidney-specific,
ined were as long as 24 hours.2 The magni mitosis-stimulating factor in the serum of
tude of the response under these circum animals following unilateral nephrectomy.
stances is less variable. Goss and Rankin2
found that the mitotic activity at 48 hours
R efe ren ces
was six times greater than that obained in
1. Sa e t r e n , H.: A principle of auto-regulation of
growth; production of organ specific mitosesham-operated controls. Reiter and Mcinhibitors in kidney and liver, Exp. Cell
Creight13 reported a 4.5-fold increase in 3Res., 11: 229, 1956.
week-old animals, and a 5.4-fold increase
2. Goss, R. I. a n d Rankin , M.: Physiological fac
tors affecting compensatory renal hyperpla
in 4-month-old animals. In our investiga
sia in the rat, J. Exp. Zool., 14 5: 209, 1960.
tions, the response was six times greater in
3. W i l l i a m s , G. E. G.: Some aspects o f com pen
nephrectomized animals than in sham-oper
satory hyperplasia o f the kidney, Brit. J.
Exp. Path., 42: 386, 1961.
ated controls. It should be noted that
4. K u r n ic k , N. B. a n d L in d s a y , P. A .: M echan
peaks, as measured by both labelling in
ism of compensatory renal hypertrophy. Pos
dices and mitotic indices, occurred at 42
sible role of serum factor, Lab. Invest., 17:
211, 1967.
hours. This is in agreement with the work
5. W i l l i a m s , G. E. G .: Studies on the control of
of Phillips and Leong.12
compensatory hyperplasia of the kidney in
Our results concerning the effects of
the rat, Lab. Invest., 11: 1295, 1962.
6. M c C r e i g h t , C . E. a n d R e it e r , R. J.: Renal
renal trauma on the hyperplastic response
compensatory hyperplastic response in hyconflict with those o f Argyris and Trim
pophysectomized rats receiving various hor
ble.10 While we inflicted considerable trau
mone supplements, Anat. Rec., 15 1: 384,
1965 (abstract).
ma, no evidence of a stimulating effect was
7. B r a u n - M e n e n d e z , E.: Hypertension and the
found. In these experiments, the trauma
relation between body weight and kidney
was confined to the renal cortex, whereas
weight, Acta Physiol. Lat. Amer., 2: 2,
1952.
Argyris and Trimble may have been trau
8. O g a w a , K. a n d N o w in s k i , W . W .: Mitosis
matizing the medulla as well. In addition,
Stimulating factor in serum o f unilaterally
their work was done on mice.
nephrectomized rats, Proc. Soc. Exp. Biol.
M ed., 99: 350, 1958.
Many have searched for a kidney-spe
9. L o w e n s t e in , L. M. a n d St e r n , A.: Serum
cific, mitosis-stimulating humoral factor in
factor in renal compensatory hyperplasia,
the serum after unilateral nephrectomy.
Science, 142: 1479, 1963.
10. A r g y r is , T. S. a n d T r i m b l e , M. E .: The
Ogawa and Nowinski,8 using kidney tissue
growth promoting effects of damage in the
culture, concluded that 42 hours after ne
damaged and contralateral kidneys o f the
phrectomy the serum of rats contained such
mouse, Anat. Rec., 150: 1, 1964.
11. R o l l a s o n , H. D.: Compensatory hypertrophy
a factor. Lowenstein and Stern9 repeatedly
o f the kidney of the young rat with special
injected nephrectomy serum and concluded
emphasis on the role o f cellular hyperplasia,
that it contained a mitosis-stimulating fac
Anat. Rec., 104: 263, 1949.
12. P h il l ip s , T. L. a n d L e o n g , G. F.: Kidney cell
tor. However, Williams,3 Reiter and Mcproliferation after unilateral nephrectomy
Creight,13 and Kurnick and Lindsay4 all
as related to age, Cancer Res., 2 7 : 286,
failed to demonstrate a mitosis-stimulating,
1967.
13. R e it e r , R. J. a n d M c C r e ig h t , C. E .: Failure
humoral factor in post-nephrectomy serum.
to demonstrate a humoral factor controlling
In our studies, although relatively large
compensatory renal hyperplasia, Anat. Rec.,
amounts of nephrectomy serum were in
148: 396, 1964 (abstract).
jected (3 ml. of serum per 100 g. body
weight), we did not demonstrate a signifi
R esum e
cant mitotic response in the kidneys of
L ’augmentation du volume du rein restant
animals receiving this serum.
apres nephrectomie unilaterale est en partie attriSu m m a r y

The literature on compensatory renal
hyperplasia has been reviewed briefly.
Some of the factors said to influence the

buable a 1’hyperplasie. Ceci a ete demontre en
comptant les elements mitotiques des cellules des
tubules du cortex renal. On a note un sommet 42
heures apres la nephrectomie unilaterale. Les au
teurs essayent de savoir si cette reaction est provoquee par un facteur humoral specifique qui
stimulerait la mitose des cellules renales. D e larges
doses de serum (3 m l/100 g de poids) provenant de
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rats nephrectomises et de rats temoins chez qui on
avait fait un simulacre de nephrectomie, ont ete
injectees dans le peritoine de rats intacts. De la
thymidine marquee au tritium (0.7nc/g de poids)
a ete injectee dans le peritoine de ces betes quatre
heures avant qu’elles eurent ete sacrifices ( soit 42
heures apres l’injection de serum). Les tissus ont
ete prepares d’apres les techniques autoradiographiques classiques et les cellules marquees ont ete
comptees. Dans les reins excises, rien n a demon-

SERUM CALCIUM AND TUMOUR
M ETASTASES
Abnormalities of calcium and phosphate me
tabolism in patients with advanced malignant
disease have been recognized for the past 30
years. In 1942, Farrow and Woodard clearly
delineated hypercalcemia as part of a syn
drome in five women with osteolytic metastases of breast cancer. During the 1950 s,
many additional reports of hypercalcemia as
sociated with malignant disease appeared and
it is now conceded that hypercalcemia may
occur with carcinoma or sarcoma when it ap
pears almost anywhere in the body. In ad
dition, recent reports have demonstrated the
occurrence of this abnormality associated with
lymphomas and leukemia.
Since 99% of the body’s calcium is located
in bone, it would be natural to assume that
hypercalcemia could be attributed to involve
ment of the bone by tumour. In 1956, Connor,
Thomas and Howard reported two patients
with carcinoma of the lung and associated
hypercalcemia who responded to resection of
their tumour with a fall in serum calcium
levels to normal. Regrowth of the tumour was
associated with elevation of the serum calcium
levels. Plimpton and Gellhorn subsequently
reported a number of instances of hypercalce
mia unassociated with evidence of bone
destruction. As early as 1889, Paget noted that
some areas of osteolysis in patients with breast
cancer contained no tumour deposits at
autopsy. Despite this evidence, it is possible
that the hypercalcemia is produced by bone
destruction because the presence of metastases
may be occult. An analysis of patients with
advanced breast cancer at the University of
California revealed that, of those followed with
repeated measurements of serum calcium every
six weeks, 43% would at one time or another
demonstrate hypercalcemia.
Hypercalcemia associated with breast can
cer is now a frequent observation. Since there
is a preponderance of metastases to bone in

Vol. 12

tre l’existence d’un facteur humoral. Chez d’autres
animaux, le cortex a ete l’objet de multiples lesions
artificielles creees par de nombreuses piqures pratiquees a l’aide d’une aiguille de calibre 20. Cette
experience n’a pas accelere la mitose.
Les auteurs concluent en disant qu’il faudrait
etablir de longues periodes de circulation croisee
entre le rat nephrectomise et un receveur intact
pour savoir si l’hyperplasie renale de compensation
releve d’un facteur humoral.

this disease, it is natural to assume that the
breakdown of the bone by tumour releases
sufficient calcium into the blood stream to be
responsible for this. Calcium is cleared readily
by the kidneys, and measurement of the uri
nary calcium excretion has been used by a
number of investigators as an indication of the
degree of bone breakdown and, therefore, pro
gress of the disease.
Evaluation of the patient’s response to
therapy may be difficult by clinical and roentgenographic means. Progression of disease may
take many weeks to become evident on
roentgenograms of the bones, for example.
Where average longevity is measured in
months, this may represent a significant por
tion of the patient’s remaining life expectancy.
Certainly if rapid means were available to
determine the response to therapy, then in
effective drugs could be assessed and dis
continued within a short period of time. It
seemed logical that an increase in urinary
calcium excretion might then represent an
ideal test for progression of disease. Contrary
to this opinion, however, it was found that the
mean urinary calcium excretion of untreated
patients without osseous involvement was not
significantly different from such excretion in
patients with progressive osteolytic disease.
Furthermore, patients evaluated at different
stages of their disease showed that those
undergoing androgen therapy had similar
mean urinary calcium excretions regardless of
whether their disease was progressing without
osseous involvement, regressing without os
seous involvement, progressing osteolytic, re
gressing osteolytic, or static disease. In ad
dition, there was no change in the urinary
calcium excretion before and during osteolytic
progression, osteolytic regression, and pro
gression without osteolytic disease in indi
vidual patients without change in the mode of
therapy.—Gardner, B.: The relation between
serum calcium and tumour metastases, Surg.
Gynec. Obstet., 128: 369, 1969.
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HORMONAL STIMULATORY MECHANISM PRODUCING GASTRIC
HYPERSECRETION FOLLOW IN G MASSIVE SMALL-INTESTINAL
RESECTION®
W . W. YAKIMETS, M.D., F .R .C .S .fC jf and
G. F. BONDAR, B.Sc., M.Sc., M .D., C.M., F.R.C.S.[C], F.A.C.S.,t Edmonton, Alta.

Stassoff1 in 1914 showed that gastric
hypersecretion followed extensive smallintestinal resection. Landor and Baker2
showed that Heidenhain pouch hypersecre
tion in dogs occurred immediately after
the small intestine was either resected or
bypassed and that this Heidenhain pouch
secretion returned to normal levels as soon
as normal intestinal continuity was restored
in these dogs. Ivy and Bachrach3 showed
that, in dogs, gastric-pouch secretion in
creased considerably after the MannWilliamson operation. It appears that
gastric hypersecretion does not necessarily
depend upon resection o f the small intes
tine. This may lead one to speculate that a
gastric inhibitor is removed because the
food has very limited contact with the in
testinal mucosa, or that a gastric secreto
gogue is produced by the terminal ileum
or colon when these portions of the in
testinal tract come in contact with partly
digested food or chyme which may still
have an acid pH. Because the hypersecre
tion that follows intestinal resection in ex
perimental animals can be quantitated in
dogs
with
Heidenhain
(denervated)
pouches, we postulate that a hormone or
hormones are involved. W e have shown
earlier4 that thoracic-duct lymph plays an
important part in the transport of gastric
secretogogues. The present study was
undertaken to see if thoracic-duct lymph
played any role in the gastric hypersecre
tion that followed enterectomy.
M ethod

Six mongrel dogs weighing 20 to 25 kg.
"From the Surgical-Medical Research Institute,
University of Alberta, Edmonton, Alta.
Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Toronto, Ont., January 1968.
Supported by Medical Research Council of Can
ada Grant MRC-MA-1838.
t Assistant Professor, Department of Surgery, Uni
versity of Alberta, Edmonton.
^Research Associate and Lecturer, Department of
Surgery, University of Alberta.

were used. However, in the last phase of
this experiment, tw o dogs died follow ing
anesthesia; hence, this report concerns our
studies on four dogs. In these dogs Heiden
hain pouches, constructed using an aseptic
technique, were drained through stainless
steel cannulas into rubber balloons. After
operation, the dogs were maintained on
intravenous fluids for two days, and on a
milk and Pablum diet for four to six days.
Subsequently, they were maintained on a
normal vivarium diet o f water, commercial
dog food and bread. After a minimal re
covery period of two weeks, the first phase
of the experiment began (Table I).
T A B L E I .— T h e S e q u e n c e o f S e c r e t o r y S t u d ie s
D o n e t o D e t e r m in e t h e E f f e c t o f T h o r a c i c D u c t - L y m p h D iv e r s io n a n d R e in f u s io n

Phase I.
Phase II.

D og
Part
Part
D og
Part
Part

awake. 24-H our study
1. Heidenhain pouch
2. Massive enterectomy
anesthetized. 8-Hour study
1. Massive enterectomy
2. Thoracic-duct-lymph diversion
and reinfusion

In the first phase, 24-hour Heidenhain
pouch secretions were studied in the
conscious dogs. After these studies were
completed in dogs fasted for 24 hours and
dogs fed normally over a 24-hour period,
the small bow el was resected, leaving two
feet of proximal jejunum and one foot of
distal ileum. Intestinal continuity was re
established using a one-layer, end-to-end
anastomosis. During the recovery period (a
minimum of two weeks), some of the dogs
developed diarrhea w hich was readily con
trolled by giving 20 g. C a C 0 3 daily for
several days. No studies were done until
the dogs recovered and the diarrhea had
been controlled for at least one week.
Studies of 24-hour preprandial and post
prandial Heidenhain pouch secretions were
repeated in these conscious, enterectomized dogs.
In the second phase o f the experiment,
the hourly Heidenhain pouch secretions
were measured for eight hours in these
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four pentobarbital (Nembutal) anesthetized,
enterectomized dogs. This phase was
divided into two parts: an enterectomy
control and an enterectomy lymph-diver
sion study.
Part 1 (the control).—The pouch secre
tions were collected hourly during a twohour fasting base-line period, and a sixhour postprandial period. Through an
orogastric tube, the dogs were fed 120 g.
of commercial dog food (Tops Dog Food)
homogenized in 60 ml. of distilled water.
Part 2 ( the lymph-diversion study) .—
The pouch secretions were collected
hourly for eight hours after Nembutal
anesthesia and a right lower thoracotomy.
After the two-hour fasting base-line period
was over, the dogs were given an intragastric infusion of homogenized dog food.
Four hours after starting the gastric secre
tory studies, the supradiaphragmatic por
tion of the thoracic duct was cannulated
through the thoracotomy and, for the dura
tion of the experiment, the lymph collected
into a sterile cylinder to which 2.5 mg. of
heparin had been added. Six hours after
the experiment started, the lymph that had
been collected during the previous two
hours was reinfused, under sterile condi
tions, into a systemic vein over the remain
ing two hours. Two of the dogs were sacri
ficed immediately after the lymph-diversion
study was completed, and two were kept
alive with chronic thoracic-duct-lymph fis
tulas.
R e su l t s

Fig. 1 shows the mean, total, 24-hour
Heidenhain pouch secretion in four con
scious, fasted and meat-fed dogs before
and after enterectomy.
During the 24-hour fast, the mean total
secretory volume increased from 50.1 ml.
in the intact dogs to 88.6 ml. after enter
ectomy. In dogs fed a normal laboratory
diet, the mean total 24-hour secretory vol
ume increased from 56.7 ml. in intact dogs,
to 206.7 ml. in dogs with massive smallbowel resection. These findings confirm
that an 80% enterectomy increased gastric
secretion when the dogs were fasted, and
when they were fed a normal laboratory
diet.
The mean secretory volumes during the

Before
A fter

E n t e r e c to m y
E n t e r e c to m y

Fig. 1.—Twenty-four-hour Heidenhain pouch
secretions in conscious, fasted and fed dogs, before
and after 80% enterectomy.

fasting and postprandial periods in Nem
butal anesthetized dogs are summarized in
Fig. 2. In dogs with 80% of the small
Meon Hourly Volumot

Fig. 2.—Mean hourly Heidenhain pouch secre
tions in anesthetized, enterectomized dogs, before
and after feeding.

bowel removed, the average of the mean
secretory volumes during the two-hour
fasting base-line period was 7.05 ml.; this

Fig. 3.—The effect of thoracic-duct-lymph diver
sion and lymph reinfusion on Heidenhain pouch
secretion in meat-fed, enterectomized, anesthetized
dogs.
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rose to an average two-hour postprandial
volume of 12.75 ml. The pouch secretion
fell markedly over the next two hours to
an average (two-hour) volume of 7.4 ml.
This average decreased to 7.15 ml. over
the last two hours of the experiment.
During lymph diversion (Fig. 3), the
same procedure was repeated as in the
antecedent control except that thoracicduct lymph was diverted two hours after
feeding and was continued throughout the
experiment. The mean, total secretory vol
ume during the two-hour base-line fasting
period was 7.9 ml.; that is, slightly higher
than in the control group. During the sub
sequent two-hour postprandial period, gas
tric secretion rose to 11.6 ml.—1.15 ml. less
than during the corresponding period in
the control group. In the two-hour period
after thoracic-duct-lymph diversion, the

— —

omy, there was a modest increase o f gas
tric secretion in fasted animals and a
marked increase in fed dogs. The differ
ences in gastric secretion between fasted
and fed dogs suggest that enterectomy
stimulates an increased production of some
gastric stimulant or, possibly, that it re
moves an intestinal gastric inhibitor.
In enterectomized dogs, thoracic-ductlymph diversion decreased Heidenhain
pouch secretion by more than one-half. Re
infusion of lymph increased this secretion
by 125% during comparable two-hour
periods; that is, to levels that were slightly
higher than obtained in these dogs before
lymph diversion. This finding suggests that
some gastric secretogogue is being re
moved in the lymph. It is possible that
this secretogogue is produced by the small
intestine and that it acts like gastrin.
Su m m a r y

Averog* of 2 Moon Hourly Volumo*

Massive enterectomy increases Heiden
hain pouch secretion in fasting dogs and
markedly increases postprandial pouch
secretion. Complete diversion of thoracicduct lymph in meat-fed dogs removes this
postenterectomy hypersecretion. Reinfusion
of diverted lymph increases pouch secre
tion. Extensive enterectomy may stimulate
the production of a gastric secretogogue.
- ' - r n j i i I*

^--------- -

r t

U m • m
TIM E IN HOURS

Li mr n

UlURJIun

R ■

L+RE-IN FUSION ♦-J

Fig. 4.—The effect o f thoracic-duct-lymph diver
sion and lymph reinfusion on total acid produc
tion in meat-fed, enterectomized, anesthetized
dogs with Heidenhain pouches.

pouch secretion averaged 3.6 ml., com 
pared to 7.4 ml. in the control group. In
the two-hour period during lymph reinfu
sion, the pouch secretion rose to 8.1 ml.,
compared to 7.15 ml. in the control group.
Fig. 4 shows the total acid, in m E q./
volume, produced by the enterectomized
dogs during the lymph-diversion study. In
these dogs, acid production paralleled the
volume of gastric juice secreted.
D iscussion

Our findings confirm the results of other
workers in this field: that a massive enterectomy causes gastric hypersecretion. In
conscious dogs following an 80% enterect-
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R esume
On savait deja qu’une hypersecretion gastrique
suit une enterectomie massive. La presente
etude a pour objet de preciser le point de savoir
si la lymphe du canal thoracique joue un role
dans la regulation de l’hypersecretion gastrique
qui survient apres resection massive du grele.
Nous avons employe, a cet effet, quatre chiens
batards. La phase I de notre etude consistait, apres
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an jeune de 24 heures, a etudier la secretion
gastrique post-prandiale sur un petit estomac de
Heidenhain; ces mesures ont etc reprises apres
enterectomie massive. Ceci a permis de confirmer
1’exLstence d’une hypersecretion gastrique apres
resection intestmale.
Dans la phase II de l’etude, nous avons utilise
les memes chiens enterectomises, mais nous avons
mesure la secretion a intervalle d’une heure sous
anesthesie au pentobarbital (Nembutal) pendant
une periode de huit heures, et dans les conditions
du jeune et de l’alimentation. Une periode de
stabilisation de deux heures (periode de controle)
precedait le repas. Dans la seconde partie de la

N E E D L E ASPIRATION O F
BREA ST CYSTS
Microcysts are present, at one time or an
other, in most women, from menarche to
menopause. Dominant macrocysts of the breast,
single or multiple, occur in many women
and lead them with fear to a physician. Sev
eral choices remain open to the physician. He
may reassure the patient that these masses are
cystic, and follow-up examination for a period
of time would be desirable to see what, if any,
changes occur. Mammography and thermo
graphy may be included as adjunctive mea
sures. On the other hand, he may insist on
immediate biopsy and removal of the cyst, or
cysts, to rule out adenocarcinoma. In our
opinion, the best choice lies with needle
aspiration performed as an office procedure.
If the cyst completely disappears, he can as
sure his patient that this was not cancerous
and that biopsy is not required. Follow-up ex
aminations are mandatory, and the patient is
allowed to go home with a considerably im
proved outlook and to return for re-evaluation
in two weeks. She is then seen every six
months for routine breast examination.
One objection to needle aspiration has been
the fear of spread of malignant cells into the
needle tract and into the blood stream and
lymphatics. In analyzing 67 patients, in whom
needle aspiration was unsuccessful and in
whom subsequent biopsy of the lesions proved
malignant, it was found that the five-year
survival rate was 89*. This result would seem
to indicate that no harm was done to the
tumour by this technique.
The longest interval between aspiration and
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phase II, nous avons recommence l’experience de
fa premiere partie et, en outre, a la fin de la
periode de stabilisation de deux heures, nous avons
introduit une canule dans le canal thoracique par
voie de thoracotomie. Nous avons recueilli pen
dant quatre heures la lymphe du canal thoracique
et l’avons reinjectee par voie I.V. pendant les
deux demieres heures de l’experience. LTiypersecretion gastrique a ete supprimee par la diver
sion de la lymphe et a reapparu quand nous avons
reinfuse la lymphe. Nous croyons pouvoir conclure
de ces experiences qu’une enterectomie massive
est capable de stimuler la production d’un secretagogue gastrique.

operation was 34 days. The average delay was
12 days. When aspiration is unsuccessful, we
prefer that definitive operation be delayed no
more than two weeks; however, we have no
evidence that a somewhat longer delay has af
fected the survival rate in our series. The
needle tract was excised at the time of mastec
tomy in each case. No instance of implantation
of tumour cells was found in the needle tract.
It is our belief that there is no proved re
lationship between the presence of fibrocystic
disease and cancer of the breast. That is not
to say, however, that a carcinoma cannot be
concurrent in the breast near the cyst or in an
entirely different location, in the opposite
breast, or subsequently develop.
According to Vanden Berg, “Anyone not
trained, skilled, and experienced to do radical
breast surgery should do neither a simple
puncture nor a biopsy.” It is preferable that
the physician who performs the aspiration be
equipped to handle the situation, when fluid
is not returned. However, if the alternative to
aspiration is watching a mass several months
to see if it is cystic or solid, then we would
rather that aspiration attempts be made by the
family physician, who most often sees these
patients initially. W ith the issue then settled,
arrangements for referral could be made
promptly, if necessary. It would seem reason
able that any physician, with experience in
breast examination, could undertake this pro
cedure, if he abides by the simple rules set up
to avoid errors with its use.—Rosemond, G. P.,
Maieo, W. P. and Brobyn, T. J.: Needle
aspiration of breast cysts, Surg. Gynec. Obstet.,
168: 351, 1969.
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KNEE-CHEST SUPPORT FO R LUMBOSACRAL OPERATIONS
CARROLL A. LAURIN, M.D., F .R .C .S .[C ],e G. M IGNEAULT, M .D .,f
J. L . BRU N ET, M .D .f and P. ROY, M .D .,t Montreal, Que.

T he clinical investigation described in this
paper was undertaken: (1) to determine
the advantages and dangers of the kneechest position during operation, and (2) to
develop a simple operating room support
that would render the knee-chest position
perfectly safe.

used by anesthetists to shield the head
and neck area during operation. Thus, the
vertical bars of the support can be fixed
to the operating room table using the
sockets that normally receive the drape
support or the kidney support.
P ositioning of the P atient

T he Knee -C hest Support

The support used during this investiga
tion was conceived in the Hotel-Dieu
Hospital, Montreal and is recommended
because of its great simplicity and adapta
bility to any operating room table. The
support is described in detail because it
may be fabricated easily in any tool shop
and need not be purchased (Fig. 1).

Fig. 1.—The knee-chest support.

A solid metal rod (% of an inch in dia
meter) is bent in the form of the letter “U”
(the vertical sections should be 25 inches
long and the transverse bar 24% inches).
The buttock support, a padded wooden
slab measuring 8 x 14 inches, is fixed to
the horizontal bar by two metal brackets.
The diameter of the metal rod (% of an
inch) is that of the common drape support
“Department of Orthopedic Surgery, Hotel-Dieu
Hospital, Montreal, Que.
■{Department of Anesthesia, Hotel-Dieu Hospital,
tDepartment of Radiology, Hotel-Dieu Hospital.
^ P r in t address: Dr. C. A. Laurin, Suite 209
JS 75 St. Urbam Street, Montreal 18, Que.

The vertical bars of the support are first
inserted in the sockets on either side of the
operating table and the support is then
laid flat at the foot end of the table (Fig.
2A and E ). The patient is anesthetized on
the stretcher, intubated and then rolled on
to the operating room table, face down with
the legs over the knee-chest support (Fig.
2B and F). The patient is then lifted into
the knee-chest position; the support is
swung under the buttocks and locked in
place (Fig. 2C). It may be necessary to put
a pillow under the chest to prevent cervi
cal hyperextension (Fig. 2G). The table is
then tilted in a reverse Trendelenburg
position so that the patient is almost sitting
on the buttock support (F ig 2D and G ).
Two transverse adhesive tapes (Fig. 2H)
are then applied over the knees and but
tocks of the patient and fixed to the operat
ing room table to insure a perfectly safe
and stable position: a two-inch adhesive
tape is first applied over the buttocks,
down either thigh and then to the table to
prevent the surgeon, or the assistant, from
pushing the patient laterally off the sup
port; a second tape is applied over the an
terior aspect of the flexed knees and on to
the table to prevent hip abduction. With
these two tapes in place, the patient’s posi
tion is secure; final adjustments should
confirm that the calves and the abdomen
are completely free. It will be shown that
these two points (the free calves and ab
domen) are crucial to the use of this
position.
D angers of the K nee -C hest P osition

It is important to avoid excessive hip
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Fig. 2.—Positioning of the patient. (1) After intubation the patient is rolled on to the operat
ing table, over the pelvic support (B and F ). (2) The knee-chest position is achieved by lifting the
pelvis and flexing the hips and knees (C ). (3) The pelvic support is rotated under the pelvis, lifting
the buttocks away from the calves; note that the curvature of the lower lumbar spine is not ex
cessive (compare Figs. 2C, 3A and 3B ). (4 ) The table is tilted gently so that the patient is almost in a
sitting position (D and G ); it is better to keep the chest slightly lower than the buttocks so that grav
ity favours the drainage of the inferior vena cava into the left auricle (see Fig. 4 ). (5 ) Two adhesive
tapes are applied over the knees and buttocks to insure complete stability (H).

and knee flexion; prolonged and marked
hip flexion may cause chronic and persis
tent postoperative pain in the hip and
quadriceps area. If hip hyperflexion is
avoided, knee hyperflexion, a far greater
danger, will never occur. The great danger
of the knee-chest position is vascular im

pairment distal to the knees, either due to
vascular kinking in the popliteal space or
to calf compression. This possible compli
cation has been a most understandable and
justifiable reason for the relative unpopu
larity of the knee-chest position. Gordon
and Newman1 described a patient who
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died following an operation done in the
knee-chest position. Death was due to
lower nephron nephrosis secondary to bi
lateral calf-muscle ischemia. The ischemia
was due to prolonged compression during
a three-hour laminectomy, which had been
perfonned with the patient literally sitting
on his calves with the hips and knees in
hyperflexion (Fig. 3B and C).
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position is perfectly safe. The temperature
of the feet should, nonetheless, be verified
at regular intervals during the operation.
A dvantages of th e K n e e -C h est
P osition

The great advantage of the knee-chest
position is that the patient’s abdomen is
completely free. Once the patient is on the
knee-chest support, it is easy to confirm
that the abdominal wall is relaxed,
free of any contact or pressure, and
gently convex. The benefits of this un
harassed abdomen are both respiratory
and vascular; respiratory function is at its
maximum and there is no pressure on
either the viscera or the inferior vena cava.
The combined effect of these two advan
tages is that venous drainage is so efficient
that, at the time of laminectomy, the epi
dural veins are flattened and almost
empty. Hence, visibility is considerably
enhanced and any bleeding is easily con
trolled, because it is always minimal and
never under any pressure. Indeed, the
convex abdominal wall exerts a negative
pressure on the inferior vena cava thus
emptying the epidural veins which, in the
knee-chest position, drain almost by gravity
into the inferior vena cava. The improved
drainage from the epidural veins was ob
vious at the time of operation. It was again
confirmed with venograms of the inferior
vena cava and by measuring the venous
pressure within the inferior vena cava in
unanesthetized patients in the laboratory
(Table I).
The basis of the vastly improved epi
Fig. 3.—Comparable lumbar flexion with the dural venous drainage is found in Batson’s
commercial frame (A) and the knee-chest support
(Fig. 2C). The tuck position (B and C) or the un work. He demonstrated a valve-free com
supported knee-chest position permits greater munication between the epidural veins and
lumbar flexion but it is not recommended since the inferior vena cava; the direction of
the excessive knee and hip flexions are dangerous.
flow in this communication depends on the
intra-abdominal pressure. The epidural
The tuck position recently reported by veins drain normally into the inferior vena
Wayne2 shares some of the physiological cava but the flow can be reversed tempo
advantages of the knee-chest position but rarily (for example during coughing or
is not recommended because of possible forceful voiding), or longer by raising the
lower-limb vascular impairment. With the intra-abdominal pressure.
support described here, vascular embar
In order to visualize the epidural veins
rassment is almost impossible. Once the during epidural venography, the intra
patient is installed on the support, it is abdominal pressure must be raised by
easy to insert a hand into the popliteal direct abdominal-wall compression; the
space of the flexed knees to verify that the venous drainage of the entire vertebral sys-
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tem is then reversed along the epidural
veins and no dye enters the inferior vena
cava. Similarly, Batson had reversed the
drainage of the epidural veins by direct
pressure on the abdominal wall; dye in
jected in the epidural vein of the penis
could be seen to reach the cerebral venous
system entirely via the epidural system.
For these reasons, the slightest rise in
the intra-abdominal pressure or in the in
ferior vena caval system will increase the
pressure in the epidural veins and, con
versely, any decrease in the inferior vena
caval pressure, or any measure that will
relax the abdominal wall, will facilitate
epidural drainage and collapse the epidural
veins (Table I).
TA B L E I .— I n ferio r V ena C aval P r e ssu r e s

in

V arious P ositions

Position
Supine.......................................
Prone.................. ■_....................
Prone and longitudinal
cushions.......... . . . . . ..........
Knee-chest position without
support.................................
Knee-chest position with
pelvic support........ ............
Knee-chest position with
pelvic support and pillow
under chest........................

Inferior
vena caval
■pressure
(mm. Hg)

Valsalva’s
test
(mm. Hg)

10
11

—

18

85

5

70

2-0

68

2-0

78

74

The Valsalva test was performed in every position
to verify the patency and function of the catheter in
the inferior vena cava. Note that the venous pressure
is lowest in the knee-chest position when the pelvis is
supported and the abdominal wall is entirely free, a
slight elevation of the chest wall did not modify the
pressure. A negative intrathoracic pressure (using an
artificial respirator) would be most beneficial with
such a low pressure in the inferior vena cava.

A venogram (Fig. 4) of the inferior vena
cava was performed with the patient held
in the knee-chest position on our new sup
port (Fig. 4B) and then repeated with the
patient on a regular frame used for lumbo
sacral operations, i.e. lateral supports on

Fig. 4 .—Venograms of the inferior vena cava in
various positions: (A) with the patient supine;
(R) using the lumbosacral frame; (C) using the
knee-chest support. No direct pressure was exerted

on the abdominal wall and the venous flow was
never reversed; hence, the epidural veins were
never coloured by the injection of dye in the iliac
veins. The diameter of the inferior vena cava is
decreased in the knee-chest position and reflects
the much lower venous pressure; another factor
which contributed to a more rapid emptying into
the left auricle is gravity; it can be seen that the
left auricle is much lower than the epidural veins
in the knee-chest position, as the vein falls away
from the lumbodorsal spine.
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the chest and abdomen (Fig. 4C). Although
commercially available frames (Fig. 3A)
are useful, they exert enough lateral pres
sure on the abdomen to affect the veno
gram and the inferior vena caval pressure
(Fig. 4 and Table I).
Another benefit of the free abdominal
wall in the knee-chest position is its in
fluence on respiration and air exchange
(the decreased intrathoracic pressure has
obvious and immediate effects on venous
drainage, contributing, by yet another
mechanism, to the emptying of the epi
dural veins). The volume of air exchange
was compared with an artificial respirator
at a fixed pressure when the patient was
(a) flat on his back, (b) on a lumbosacral
frame and (c) in a knee-chest position
(Table II). Blood samples were taken
TABLE II.— I n f l u e n c e

B.S.—44 years—228 lb.
Supine....................
Prone.............
Supported knee-chest position.. .
N.L.—38 years— 169 lb.
Supine..............
Prone............
Supported knee-chest position........

spine flexion to distract the posterior lami
nae and thus facilitate laminectomy. La
teral radiographs of the lumbar spine (Fig.
5) were taken with the patient prone on a
table, on a lumbosacral frame, and finally
in the knee-chest position. Radiographs
confirmed what could be observed at the
time of operation, namely, that compared
to a commercial lumbosacral frame, the
knee-chest position does not significantly
increase lumbar-spine flexion. The kneechest position works because of further hip
flexion rather than increased lumbar flex
ion; lumbar flexion was mildly increased at
the L4-5 level, but never at the L5-S1 level.
Hence, the lateral muscular mass is not un
der undue tension in the knee-chest posi
tion and sufficient muscular retraction is
possible to permit bilateral-lateral fusion.

of

P o s i t io n o n V e n t i l a t i o n

Air
exchange
(1./5 min.)

Patient

..........

.........

83.54

78.0
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Arterial
oxygen
saturation

Pco-i
(mm. Hg)

pH

29.6

7.41

24.2

7.52

i AS

22.1
21.0
22.6

92.8
93.2
97.0

26.0

7.55
/.5U
7.58

24.6
24.0
23.0

98.0
95.0
98.8

24.0

HCO,
(mEq./l.)

(%)

thp Phantom*;018'1 r t®f"f?,tor was « sed a!H the machine adjustments were not modified during anesthesia:
anH fh ^
ventilation were due to the altered position of the patient. Note the increased air exchange
suonorLd
atl0n “
sflPPorted knee-chest position. The beneficial influence of the
supported knee-chest position on respiration is more obvious m obese patients.3

simultaneously to verify the influence of
these various positions. Table II shows
that, in order of efficiency, the optimal
position was the knee-chest position, even
better than when a patient is on his back,
when the diaphragm must work against
the weight of the abdominal viscera.
Another advantage of the knee-chest
position is that the viscera and the major
vessels fall forward, away from the inter
vertebral discs, and hence away from any
surgical instrument which may inadver
tently pierce the anterior longitudinal liga
ment and damage an intra-abdominal or
gan or vessel.
T he K nee -C hest P osition for L u m b a r
L a m in e c to m ie s and L u m b a r F usions

It had been hoped that the knee-chest
position would produce sufficient lumbar-

Because of the considerable vascular and
respiratory advantages of the knee-chest
position, this position and the frame have
been used, without any complication, for
all lumbar operations over the past nine
years.
W ound closure is performed in the kneechest position with great advantage; since
the muscular, fascial and cutaneous struc
tures are then sutured in their original
anatomical
relationships,
postoperative
lumbar mobility appears to be restored
more rapidly and more completely.
Su m m a r y

A simple, adaptable, home-made kneechest support has been described.
The advantages and the physiology of
the knee-chest position have been investi
gated using inferior vena caval venograms,

Vol. 12

THE CANADIAN JOURNAL OF SURGERY

250

Fig. 5a
F >g- 5b
Fig. 5c
Fig. 5.—Lateral radiographs of the lumbar spine with the patient in the following positions: (a)
supine- (b) on the lumbosacral frame; (c) on the knee-chest support. The knee-chest Position does
not provide much more lumbar flexion than the commercial lumbosacral frame (Figs. 2C and 3AJ;
the L5-S1 space is unaltered. Lumbar fusions and wound closure can be achieved with ease m tlie
supported knee-chest position.

inferior vena caval pressures and air-ex
change measurements. The knee-chest
position is recommended for lumbar lami
nectomies and fusions.
The authors are pleased to acknowledge the
excellent work of Misses J. Valentine and Made
leine Gagnon and Mr. Jacques Doyon.
R eferen ces

B. S. and N e w m a n , W .: Lower
nephron syndrome following prolonged
knee-chest position, J. Bone Joint Surg.
[A m er.], 35A : 764, 1953.
2. W a y n e , S. J.: The tuck position for lumbar
disc surgery, J. Bone Joint Surg. [Amer.],
49A: 1195, 1967.

1. G ord on ,

3. T aklov , I. M.: The knee-chest position for
lower spinal operations, J. B on e Joint Surg.
[Amer.], 49A: 1193, 1967.

R esume
Les auteurs ont etudie les avantages physiologiques et les dangers de la position genu-pectorale.
Les dangers peuvent etre evites si l’on emploie
un support special minutieusement decrit de fapon
que d’autres chirurgiens puissent le faire copier
par leurs hopitaux respectifs.
Avec des veinogrammes de la veine cave inferieure, les lectures de la pression a l’interieur de
la veine cave inferieure et differentes etudes
d’echanges gazeux a l’appui, les auteurs prouvent
que la position genu-pectorale est physiologiquement sans danger et avantageuse. Elle peut etre
employee pour toutes sortes d’operations lombosacrees.

CHANGE OF ADDRESS
Subscribers should notify T he Canadian Journal o f Surgery of their change of
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A SIMPLE FRAME FOR OPERATIONS ON THE LUMBAR SPINE
D. E. HASTINGS, M.D., F .R .C .S.[C ],“ Toronto, Ont.

I n operations on the lumbar spine the
patient is placed in one of three conven
tional positions: prone, lateral recumbent
and knee-chest.1'4 Each has advantages and
disadvantages.
When the patient is in the prone posi
tion over bolsters or a tubular frame, the
degree of flexion or extension of the lum
bar spine is relatively well controlled.
Often, however, the associated abdominal
compression interferes with respiration.
This abdominal compression may produce
a complete block of the inferior vena cava.5
Then the venous return, diverted through
Batson s plexus of veins,8 may cause en
gorgement of the epidural veins. The
troublesome local hemorrhage that may
result may prevent an adequate explora
tion of the involved spinal level.
In the lateral recumbent position, the
patient respires freely and venous return is
not blocked. However, in this position
wide laminectomy and, especially, spinal
fusion to the tips of the transverse pro
cesses are difficult.
The major advantage of the knee-chest
position is that the lumbar spine is flexed
and the interlaminar spaces are opened
widely. The patient’s respiration is satis
factory and no pressure is exerted on the
inferior vena cava. Hyperflexion, however,
tends to increase tension on nerve roots
which may already be quite tight due to
disc herniation. Full flexion at both hips
and knees is required and may impede
venous return from the legs, produce stasis
and predispose to deep-vein thrombosis.7
Finally, in spite of careful positioning, the
patient is often unstable. This paper
describes a simple frame to stabilize and
improve the knee-chest position.
T he F rame

In an attempt to combine the advan
tages of the knee-chest position, with in
creased stability and better control of
flexion and extension, the frame described

“ Division o f Orthopedic Surgery, Wellesley Hos
pital, Toronto 5, Ont.

Fig. 1.—The frame. The seat is adjusted by wing
nuts (A). The frame is fastened to the table b y a
standard metal mount (B). The adjustable cross
piece (C), which adds stability, is inserted about
patient’s feet.

in this paper was devised (Fig. 1 ). This
wooden frame has an adjustable seat and
a removable cross-bar to add stability. It
can be attached to a standard operating
room table. The degree of flexion or exten
sion of the lumbar spine is controlled by
changing the height of the rest that sup
ports the patient’s chest.
T echnique

The patient is anesthetized and intu
bated on a stretcher in the supine position.
The height of the chest rest is then de
termined. For routine laminectomy, a box
four inches high covered with a pillow
supports the patient in a relatively neutral
position. If the patient is to be fused in
extension, a higher box is selected— up to
18 inches in height. The patient is placed
in the knee-chest position with the table
horizontal, hips and knees being flexed to
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approximately 100°. The frame is then
placed approximately three inches behind
the buttocks and the seat adjusted to the
appropriate height (Fig. 2). The table is
tilted into the reverse Trendelenburg posi
tion so that the buttocks come to rest firmly
upon the seat, and the lumbar spine is
then horizontal (Figs. 3 and 4).

with this frame was hypotension during
and after the operation. This appeared to
be due to pooling of blood in the depen
dent lower extremities and was most com
mon in patients over 40 years of age.
Wrapping the patient’s legs snugly with
tensor bandages before positioning ap
peared to control this hypotension.
Su m m a r y

A simple frame for operations on the
lumbar spine is described. This frame im
proves the standard knee-chest position by
increasing stability and improving control
of flexion and extension. In this position,
the abdomen hangs free; the diaphragmatic
excursion is full and there is no trouble
some epidural hemorrhage.

Fig. 3.—Table in the reverse Trendelenburg
position brings the spine to the horizontal and
stabilizes the patient against the seat.

I would like to thank Dr. H. Foster Smith of
the Department of Anesthesia for his invaluable
help in the design of this frame and the carpen
ter’s shop of the Wellesley Hospital, Toronto for
its construction.
The illustrations were prepared with the aid ot
Miss M. Bliss of the Wellesley Hospital Photog
raphy Department.
R eferen ces

Fig. 4.—The frame in use. Note that the abdo
men is not compressed.
D isc u ssio n

Since we adopted this frame, we have
reduced to a minimum hemorrhage during
spinal operations: 50 laminectomies and
discotomies were done without significant
blood loss. No transfusions were required
and we did not encounter epidural bleed
ing. In 10 patients we carried out twolevel spinal fusion extending to the tips of
the transverse process; in only one of these
was transfusion required.
The only complication we encountered

1. A r m str o n g , J. R.: Lumbar disc lesions, p ath o
genesis and treatment of low back pain and
sciatica, 3rd ed., E. & S. Livingstone Ltd.,
Edinburgh, 1965, p. 257.
2. T arlov, I. M.: The knee-chest position fol
lower spinal operations, J. B one Joint Surg.
IAmer.], 49A: 1193, 1967.
3. T a y l o r , A. R. et a l Posture and anaesthesia
for spinal operations with special reference
to intervertebral disc surgery, Brit. J.
Anaesth., 2 8 : 213, 1956.
4. W a y n e , S. J.: The tuck position for lumbar
disc surgery, J. Bone Joint Surg. [Amer.],
49A: 1195, 1967.
5. R e l t o n , J. E. S. a n d H a l l , J. E .: An opera
tion frame for spinal fusion. A new ap
paratus designed to reduce haemorrhage
during operation, J. Bone Joint Surg. [Brit.],
49B : 327, 1967.
, ,
6. B a tso n , O. V.: The function of the vertebral
veins and their role in the spread of metastases, Ann. Surg., 112: 138, 1940.
7. H o l s c h e r , E. C.: Vascular complication of
disc surgery, J. Bone Joint Surg. [Amer.],
30A: 968, 1948.

R esum e
L ’auteur a con§u un support tres simple pour
maintenir en position genu-pectorale les candidats
a (’intervention. Il emploie ce support depuis trois
ans a l’hopital Wellesley de Toronto, et lui a
trouve de nombreux avantages. Ce support empeche la compression de l’abdomen et par conse
quent n’entraine pas la ventilation pulmonaire.
La veine cave n’est pas obstruee et^ les veines
epidurales sont generalement vides; 1’hemorragie
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qu’elles causent est minime et n’assombrit pas la
pathologie locale.
Ce support est simple, est fait de bois et comprend un siege ajustable. Le patient est place en
position genu-pectorale et la table d’operation est
inclinee en sens inverse du Trendelenburg, si bien
que 1 opere s’appuie contre le siege.

L’auteur a fait 40 laminectomies en se servant
de ce support, chaque fois la perte de sang a ete
inferieure a 150 cm3; aucune transfusion n’a ete
necessaire. II n’y a pas eu d’hemorragie epidurale.
Pour cinq cas de fusions des extremites des apo
physes transverses, un patient seulement a eu
besoin d’une transfusion.

POSTOPERA TIVE COM PLICATIONS IN
ARTHRODESIS O F TH E FO O T

foot. As a precautionary measure, penicillin
was given during the first seven days after
operation. In some, amputation of part of the
extremity was necessary after an acute post
operative infection causing severe osteo
myelitis.

The author has reviewed the postoperative
follow-up studies of 246 patients, from 13 to
56 years of age, after arthrodesis of the foot
carried out between 1946 and 1963. The
arthrodesis was done for deformity of the foot
after poliomyelitis, hemiplegia, spina bifida
occulta, syringomyelia and polyneuritis, club
feet, spastic flat feet, deformities resulting from
fractures of the malleolae and tarsal bones,
and rheumatoid arthritis.
After operation, in many patients the hema
toma became absorbed slowly and as a rule a
drain was left in situ until the second post
operative day. In some, necrosis of the skin
was found, but in most it was confined to the
edges of the skin. Occasionally sensory nerves
were cut, leaving an area of so-called anes
thesia which was only of minor clinical signi
ficance. Infection presented a real danger in
these operations, but in most instances the
objective of arthrodesis was obtained even in
patients with infection within the bones of the

ASEPTIC NECROSIS OF
FEM ORAL HEAD AND NON-UNION OF
FEM O RA L NECK
The authors treated avascular necrosis of
the femoral head with and without non-union
of the femoral neck, and with non-union of
the femoral neck with insertion of tibial bone
grafts into the neck and into the head. Phemister reported satisfactory results in 41 of 53
patients so treated. Reports concerning the use
of hip prostheses for salvage of hip fracture
complications indicate that 71.4% to 87% of the
patients followed had overall satisfactory re
sults. The authors reviewed 112 patients fol
lowed for 2 to 15 years. O f these, 57 had
been followed for more than 5 years and 15
for 10 years.
If the non-union of the femoral neck is dis
placed, closed manipulations generally were
carried out, but a varus position of less than
30° was considered acceptable. In only seven
patients was open reduction necessary. The

Poor results after arthrodesis of the foot
included absence of fusion, unstable feet, and
persistent pain. Aseptic necrosis of the astraga
lus was observed in a number of patients.
Pseudarthrosis was also observed and in several
patients the preoperative deformity recurred.
The lack of fusion was caused by aseptic
necrosis, trophic changes, error in operative
technique, and ineffective immobilization of
the plaster cast.
Occasionally, it was observed that the de
formity was surgically overcorrected. In some
instances, the bone graft broke, and in a few
instances degenerative arthroses developed in
the adjacent joints.-Soren, A.: Complications
postoperatoires et mauvais resultats dans les
arthrodeses du pied, R ev. Chir. O rthop., 54:
249, 1968.

authors tried to get the bone grafts into the
anterior superior aspect of the head and ad
ditional fixation was achieved using 5/32-inch
threaded pins. Three-point-crutch walking
within a few days was permitted until roent
genograms showed union. The average time
for union was 10 to 12 months. O f 31 patients
with minimum to moderate aseptic necrosis
of the head with non-union of the femoral
neck fracture, 26 showed satisfactory results.
Of 46 patients with aseptic necrosis and non
union, 35 achieved satisfactory results. O f 39
operations performed on 3 5 patients with avas
cular necrosis without non-union of the femoral
neck, 30 produced satisfactory results. The
average period of non-weight bearing was 12
months.—Bonfi^lio, M. and Voke, E. M .: Asep
tic necrosis of the femoral head and non
union of the femoral neck; effect of treatment
by drilling and bone grafting (Phemister tech
nique), J. B o n e Joint Surg. \Amer.J, 50A: 48
1968.
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Manuscripts in duplicate of original articles,
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is subject to the understanding that they
are submitted solely to this Journal, and
will not be reprinted without the consent
of the author and the publishers. Accept
ance or rejection of contributions will be
determined by the Editorial Board. As
space is available, a limited number of
case reports will be published. Articles
should be typed on one side only of un
ruled paper, double-spaced, and with wide
margins. The author should always retain a
carbon copy of material submitted. Every
article should contain a summary of the
contents. The Concise Oxford Dictionary
will be followed for spelling. Dorland’s
Illustrated Medical Dictionary will be fol
lowed for scientific terminology. The Edi
torial Board reserves the right to make the
usual editorial changes in manuscripts, in
cluding such changes as are necessary to en
sure correctness of grammar and spelling,
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should be those used by the National
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edition (e.g. 2nd ed.), title of publishing
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Illustrations
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illustrations will be reproduced free with
the articles. Colour work can be published
only at the author’s expense. Photographs
should be glossy prints, unmounted and
untrimmed, preferably not larger than 10
x 8". Prints of radiographs are required
and not the originals. The magnification of
photomicrographs must always be given.
Photographs must not be written on or
typed on. An identifying legend may be
attached to the back. Patients must not be
recognizable in illustrations, unless the
written consent of the subject for publica
tion has been obtained. Graphs and dia
grams should be drawn in India ink on
suitable white paper. Lettering should be
sufficiently large that after reduction to
fit the size of the Journal page it can still
be read. Legends to all illustrations should
be typed separately from the text and sub
mitted on a separate sheet of paper. Illustra
tions should not be rolled or folded.
Language
It should be clearly understood that con
tributors are at full liberty to submit
articles in either English or French, as they
please. Acceptance will be quite independ
ent of the language of submission. If the
contributor wishes, he may submit an in
formative summary of not more than 300
words in the language other than that in
which he has submitted the article. For
example, an article in English must carry
an English summary and may, if the author
wishes, carry a more detailed summary in
French.
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LE JOURNAL CANADIEN DE CHIRURGIE
Toute communication concernant le Journal
devra porter la mention “Le journal canadien de
chirurgie” et etre adressee a l’Editeur, Publica
tions de l’A.M.C., 150 St. George Street,
Toronto 5.
Le journal est publie trimestriellement. Le
prix de 1’abonnement est de $10. par an ($5.
par an pour les medeeins qui sont residents en
chirurgie) et commence avec le numero de
janvier de chaque annee. Un exemplaire isole
coute $2.50 et est payable d’avance. (Nous
serions reconnaissants aux souscripteurs de vouloir bien ajouter a leur cheque le montant des
frais bancaires eventuels).
INSTRUCTIONS A NOS
COLLABORATEURS
Manuscrits
Les manuscrits d’articles originaux, de rap
ports cliniques etc. seront envoyes en deux
exemplaires, accompagnes d’une lettre deman
dant qu’on veuille bien considerer leur publica
tion dans L e journal canadien de chirurgie. Ils
ne seront acceptes qu’a la condition qu’ils
n’aient ete soumis q u a notre Journal et qu’ils
ne soient pas reimprimes sans le consentement
expres de l’editeur et 1’auteur. L ’acceptation
ou le ref ns des articles soumis releve du Conseil de la publication. Si la place est disponible,
mi nomine limite d’histoires cliniques pourront
etre publies. Les articles seront dactylographies
sur un seul c6te d’un papier non ligne, a double
espace et avec une large marge. L’auteur devra
toujours conserver une copie au papier carbone
du texte soumis. Tout article devra etre accompagne d’un resume. L ’orthographe sera
celle adoptee par le dictionnaire Larousse.
Quant a la terminologie scientifique, elle sera
basee sur le Dictionnaire des termes techniques
de medecine ou tout autre ouvrage de refe
rence serieux. Le Conseil de la publication se
reserve le droit d’apporter au texte les changements qu’il jugerait a propos pour assurer la
correction grammatieale et l’orthographe, pour
eliminer d’eventuelles obscurites ou pour rendre la presentation conforme au style du Jour
nal canadien d e chirurgie. Aucun changement
important ne sera apporte au texte sans que
l’auteur alt ete prealablement consulte. Les
auteurs recevront avant la publication des
epreuves d’imprimerie de leur texte, auxquelles
ils sont pries d’apporter le minimum de correc
tions.
Tires-d-part
On pourra commander des tires-a-part sur
une formule qui est envoyee avec les epreuves.
II est important de les commander avant la
publication de l’article, sous peine de devoir
payer un supplement pour une nouvelle com
position.

B ibliographie
Les references bibliographiques seront indiquees par des numeros dans le corps du texte.
Elies comprendront dans l’ordre: le nom de
l’auteur et ses initiales, en majuscules, le titre
abrege du Journal, le numero du volume, le
numero de la page et l’annee. Les abreviations
admises pour les noms de revues sont celles qui
figurent dans I’Index M edicus de la Bibliotheque Nationale de Medecine, Washington,
D.C. Les renvois aux livres comprendront
dans 1 ordre: le nom de l’auteur, ses initiales,
le titre de 1’ouvrage, le numero de l’edition (p. ex. 2eme ed .). le nom de la
maison d edition, la ville ou elle est situee et
1 annee de la publication; enfin, le numero de
la page s’il s’agit d’un renvoi precis.
Illustrations
Le journal accepte de publier gratuitement
un nombre raisonnable d’illustrations en noir
et blanc. Les reproductions de cliches en couleurs seront publiees aux frais de l’auteur. Les
photographies seront imprimees sur papier brillant, ne seront ni montees ni calibrees et d’un
format maximum de 8 " x 10". En ce qui conceme les radiographies, nous demandons des
copies et non pas Toriginal. On devra toujours
fournir un agrandissement de microphoto
graphies. II ne faut jamais ecrire ou dactylographier un texte quelconque sur les photo
graphies. Une legende les identifiant pourra
etre jointe au dos. Dans les illustrations montrant des malades, ceux-ci ne pourront etre
reconnus, a moins qu’ils n’en aient donne le
consentement ecrit prealablement a la publica
tion. Les graphiques et diagrammes seront dessines a 1 encre de Chine sur un bon papier a
dessin blanc. Le lettrage devra etre ecrit en
caracteres assez grands pour que, apres reduc
tion proportionnelle au format du Journal, ils
soient encore lisibles. Les legendes devant
accompagner les illustrations seront dactylographiees sur une feuille independante du
texte. Les illustrations ne seront ni roulees ni
pliees.
Langue vehiculaire
II doit etre clairement etabli que les collaborateurs ont pleine liberte de soumettre leurs
articles en frangais ou en anglais, a leur choix.
L acceptation de l’article sera entierement inde
pendante de la langue choisie par l’auteur. Si
le collaborateur le desire, il peut decrire le
contenu de l’article en un sommaire ne depassant pas 300 mots et dans une langue dilferente
de la langue choisie pour 1’article lui-meme.
Par exemple, un article ecrit en frangais doit
comporter un resume en frangais et peut, si
1auteur le desire, etre accompagne d’un som
maire plus detaille en anglais.
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(See also page 268)
AN ATLAS OF PELVIC OPERATIONS. 2nd ed.
Langdon Parsons and Howard Ulfelder. 448 pp.
Must. W. B. Saunders Company, Philadelphia;
W. B. Saunders Company Canada Limited, To
ronto, 1968. $25.95.

The second edition of this atlas first pub
lished in 1953, though large, is now of a
more convenient and manageable size. Other
changes include modest alterations in format
and text, and the inclusion of some additional
operations, notably exenteration. Although
most of the procedures described here lie
within the limits of gynecological surgery,
operations for gastrointestinal and urinary
tract disease and complications that might be
encountered in the pelvis are also included.
The book contains an introductory chapter on
general principles of gynecological surgery
and “helpful hints” on hysterectomy but indi
cations and preoperative and postoperative
care following specific operations have pur
posely been excluded.
The most satisfying feature of this excellent
atlas is the thorough presentation of operative
technique in a complete spectrum of minor
and major operations by clear line drawings,
which are accompanied by a lucid, concise,
descriptive text. Rather than describing a
number of probably equally useful techniques,
the authors call upon their wide experience in
offering a single proved method. The interest
of the authors in malignant disease is reflected
in a thorough consideration of the radical
operations for carcinoma of the cervix and
vulva.
This atlas is a valuable edition to any
medical school or hospital library where the
sound philosophy and clarity of the authors
will guide residents and gynecological sur
geons.
CLINICAL MANAGEMENT OF SHOCK. Surgi
cal and Medical. Robert M. Hardaway, III. 599
pp. Must. Charles C Thomas, Publisher, Springfield, 111.; The Ryerson Press, Toronto, 1968.
$26.50.

This practical text on shock, which is designed
for reference at the bedside, acknowledges
recent sophisticated advances but fortunately
does not suggest that the problem is solved
This book is based on laboratory and clinical
studies made by the Division of Surgery of
the Walter Reed Army Institute of Research
and its important hospital affiliations in the
United States and South Vietnam. The con
siderable success of the modern treatment of
shock has been of immense importance to the
military.
.
.
The book is divided into two sections: the
first, which is concerned with basic concepts,
emphasizes the importance of disseminated
intravascular coagulation (D IC) in all forms

of experimental and clinical shock. While the
arguments are convincing, even stimulating,
this reviewer found it difficult to relate ail
forms of refractory shock to DIC.
The second section begins by describing the
architecture, equipment and personnel at the
Shock Study Unit of Walter Reed General
Hospital. It is stated, correctly, that this is a
research unit but the basis for monitoring
should apply to all viz. “measuring dynamic
changes rather than static parameters”. The
extension of the more practical and useful
measurements derived from the laboratory to
the field of combat, i.e. “research in the
jungle” is admirably illustrated. One cannot
help but feel that if it is possible in Vietnam,
why not closer to home? It is dear that many
more lives are being saved in Vietnam than
were saved during the Korean War. A signifi
cant contribution to this improvement is the
centralization of care which permits central
venous pressure to be monitored, and arterial
blood to be sampled for pH, Po2, Pco2 and
lactate. This section contains many wellillustrated and carefully selected clinical ex
amples of shock and its treatment. The book
emphasizes total treatment of the patient and
complete chapters are devoted to fluid and
electrolyte balance, respiratory support and
problems, nursing procedures and the work
of cardiac arrest teams.
The authors favour the use of vasodilators
(phenoxybenzamine) when the patient in re
fractory shock has a high peripheral resistance,
a high central venous pressure and oliguria.
They illustrate this treatment with many con
vincing case reports.
This excellent text on modern concepts in
shock should be of great interest to the wide
variety of physicians and surgeons who are
called upon daily to treat patients with shock.
DAS EKG NACH OPERATIONEN AM HERZEN
UND AN DEN GROSSEN GEFAESSEN. Ernst
Kriehuber. 256 pp. Must. Intercontinental
Medical Book Corp., New York; Georg Thieme
Verlag, Stuttgart, West Germany, 1968. DM
98,00. $26.65 (approx.).

This small monograph, which covers more
than the title indicates, provides brief discus
sions of the pathophysiology of all cardiac
lesions that can be treated surgically. The un
specific effects of cardiac surgery on the
electrocardiogram are outlined, such as the
changes due to incision into the myocardium,
postoperative pericarditis and others. Then,
the electrographic changes observed follow
ing each individual type of operative correc
tion of a cardiac lesion are discussed and
documented. The book is certainly up to date:
it even includes the electrocardiograms of the
first human cardiac transplant.
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LES ENTRETIENS D E BICIIAT. Chirurgie et
Specialities, 1968. P.-L. Chigot et A. Beilin.
323 pp. Expansion Scientifique Francaise,
Paris, 1968.

L edition 1968 de “Les Entretiens de Bichat”
vient tout juste d’etre publiee. Comrne a l’habitude, il s agit d’une serie d’articles traitant de
sujets^ de chirurgie generate, de chirurgie specialisee, de radiologie, d’oto-rhinodaryngologie
et de gynecologie et obstetrique.
On y traite une soixantaine de sujets qui
peuvent interesser tous les chirurgiens en pra
tique active. Quelques sujets sont traites en
entier tandis qu’ailleurs on ne fait que resumer
un sujet particulier. En plus, il y a des
comptes rendus de sujets discutes en table
ronde. Ce volume parait chaque annee et vaut
reellement la peine d’etre consulte. Il y a
plusieurs mises au point de certains sujets controverses de meme que des articles originaux
sur des nouveautes chirurgicales et medicates.
EVALUATION OF RESULTS OF CARDIAC
SURGERY. Report of a Symoosium of the Fifth
World Congress of Cardiology, November 3,
1966, New Delhi, India. American Heart As
sociation Monograph Number Twenty-Two.
Edited by Lewis Dexter and Lars Werkd. I l l
pp. Illust. American Heart Association. Inc.,
New York, 1968. $4.00 (U.S. funds). Paperbound.

The authors present their views of the re
sults of surgery in congenital and acquired
heart disease up to 1966. In the chapters on
congenital heart disease, the information is
valid and worth reading. The chapters on ac
quired heart disease are of much less value.
Only 2 of the 26 authors are surgeons and
this imbalance is reflected in the vagueness of
the cardiologist’s knowledge of what was and
is possible in valvular repair. In this rapidly
changing field, techniques and results in 1968
are_ quite different from those of 1966. The
entire subject of myocardial revascularization
is ignored.
The book is useful as a history of certain
cardiologists viewpoint two or three years ago
but has little reference to modern cardiac
surgical techniques or results.
FACE LIFT OPERATION. John Conley. 122 pp.
Illust. Charles C Thomas, Publisher, Sprinebeld. Hk; The Ryerson Press, Toronto, 1968.
q)12.5U.

This beautifully set-up and printed little book
of 122 pages cannot really be taken seriously
as a scientific work. Manv of its few pages are
taken up completely with photographs which
have little or nothing to do with the face-lift
operation. The chapter on the technique of
the face-lift operation, which one would ex
pect to be quite complete from the title of the
book, outlines a technique with one or two
minor variations which cannot be considered
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in any way a complete review of the subject.
Indeed, there is no bibliography nor are the
names of the originators of this operation even
mentioned.
This book should find its place in a public
library where the lay public could gain a
superficial idea of what the face-lift operation
is meant to achieve and how it may be done.
HODGKIN’S DISEASE. Compiled and edited bv
David W. Molander and George T. Pack. 212
pp. Illust. Charles C Thomas, Publisher, Springfield, 111.; The Ryerson Press, Toronto, 1968.
$18.00.

This comprehensive, well-written 200-page
book on Hodgkin’s disease covers five areas of
the subject: (1 ) Etiology and pathogenesis
is a short chapter because there is no known
cause of the disease. (2 ) Pathologic anatomy
is well described and gives a reasonable
classification of the disease, according to histo
logic type. (3 ) The chapter on immunologic
considerations is interesting and discusses the
susceptibility of Hodgkin’s disease patients to
infection, such as tuberculosis. (4 ) Consider
able discussion is given to radiotherapy and
radioactive isotope treatment. (5) From the
Pack Clinic comes a review of 316 patients,
which covers all the clinical manifestations of
the disease and gives the results of treatment.
This is a good book for a complete review
of this baffling disease. It would be useful in
any pathology department, radiotherapy de
partment and cancer clinic. It will be particu
larly valuable to postgraduate students inter
ested in this disease.
Finally, this book is well produced, well
illustrated and easy to read.
THE IDLE THOUGHTS O F A SURGICAL
FELLO W . Being an Account o f Experimental
Surgical Studies 1956-1966. Stacev B. Day. 344
pp. Illust. Cultural and Educational Produc
tions, Montreal, 1968. $12.90.

A number of more or less successful medical
practitioners have given up their practices to
become writers. However, Stacey Day is, I
believe, the only more or less successful surgi
cal fellow who has turned to writing. (Of
course he was an unusual surgical fellow to
begin with.) In this book he describes his
important contributions to the treatment of
ischemic heart disease, studies in renal physi
ology, several historical studies and a number
of unsuccessful experiments. Over one-half of
the book is devoted to studies of the coronary
and. intercoronary circulation in man and ani
mals, with special emphasis on the surgical
treatment of myocardial ischemia. The au
thor’s own contribution to the topic is the
description of a method to improve intercoronarv communications, b y creating a left atrialpulmonarv artery shunt. He gives experimen
tal and clinical details. These and other ex
periments have led him to express his “ idle
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thoughts”, some of which probably have oc
curred to many who are engaged in experi
mental surgery. However, only the writer and
poet can express them.
Everybody who has spent time in experi
mental laboratories, not only doing things, but
thinking about the experiments, will enjoy
reading this book, but 1 hope that its readers
will not be limited to laboratory people, be
cause “One learns that there is but one labora
tory of the open mind and that is, life. All
other laboratories and many institutions, I
have found, are but universities of the closed
mind.” In the Foreword, a pediatrician reports
“I found it easy to empathize with Stacey’s
pain at the unresponsiveness of fellows, col
leagues, tutors and professors, to his creative
notions . . . I was, however, born tough—
perhaps far too tough—■
” The tough pedi
atrician and the (over-) sensitive surgeon—a
most unusual pair.
Surgical research means different things to
different people. For many surgical fellows
who are assigned to a project for a year
during a surgical training program, it is just
another job to get over with. For some clin
ical surgeons, including the survey team of
the Medical Research Council of Canada, a
surgical researcher is a man who is unable to
meet the competition of surgical practice. For
our colleagues in the basic sciences, surgical
research is an amateurish effort at applied
science and developmental research. Thus, the
surgeon who devotes time and energy to re
search is attacked from all sides. You have to
be tough in experimental surgery, Stacey,
perhaps tougher than your pediatrician friend.
Undoubtedly, Dr. Day will continue to write
books related to medicine, the humanities, and
poetry. I wonder whether he shouldn’t also be
encouraged to return to the surgical research
laboratory. We need him there, with his
humour, his insight and the facility to ex
press “idle” thoughts. In the meantime, every
dean and department head should read the
chapter entitled “The Surgical Fellow and the
Little Prince”. A well-worn copy of the first
edition of “Le Petit Prince” in my own library
attests that others have come to conclusions
similar to Dr. Day’s.
INTRA-UTERINE
DEVELOPMENT. A. C.
Barnes. 530 pp. Must. Lea & Febiger, Phila
delphia; The Macmillan Company of Canada
Limited, Toronto, 1988. $20.00.

This book, the work of 26 contributing
authors, which is edited by Allan C. Barnes,
is a valuable addition to the obstetrical litera
ture. The editor has admirably realized his
purpose as defined in the preface ‘ translating
the newly acquired investigative knowledge
into the practical care of the intra-uterine pa
tient”. The text reveals the widening scope
and sophistication of academic obstetrics and
provides a comprehensive but readable review
of recent advances in reproductive biology.
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The current understanding of conception,
placentation and the morphological and physi
ological considerations of the developing fetus
are described in the first two-thirds of the
book. The final third reviews clinically re
lated factors in the fetal environment, includ
ing the prediction of fetal jeopardy.
This book is essential reading for the teach
er and the graduate student of the growing
science that is modem obstetrics.
AN INTRODUCTION TO CLINICAL ANAT
OMY BY DISSECTION OF THE HUMAN
BODY. R. D . Laurenson. 522 pp. Must. W. B.
Saunders Company, Philadelphia; W. B. Saun
ders Company Canada Limited, Toronto, 1908.
$10.30.

In the preface, the author states that his pur
pose in writing this dissection manual is
twofold: first, to make certain that medical
students learn the facts their clinical instruc
tors apply by “clinically” orienting the book;
second, to reduce the amount of homework a
student must do by avoiding the “hours of
tedious reading called for when laboratory
work and text are apart”.
The basic organization of the manual is
similar to that found in “Anatomy of the
Human Body” by R. D. Lockhart, to whom
Laurenson dedicates this book. The text is
arranged so that steps in dissection are separ
ated from descriptive text and given item
numbers. The descriptive text includes clin
ical material, which the author feels is rele
vant to the anatomy being dissected. Refer
ences to many clinical points are provided in
the text. The book is illustrated, in the main,
by clear, concise, line-and-shade drawings.
The index is complete and accurate.
Despite the heroic efforts Laurenson has
made, it is open to question whether this book
succeeds in making anatomical dissection
more meaningful and less arduous than does,
say, such a standard manual as J. C. B. Grants
“A Handbook for Dissectors”. It is a common
place that for too long anatomy was taught as
was Greek—for its own sake. Today, integra
tion of anatomical and clinical knowledge is
fundamental to modern medical teaching. But
it must be remembered that such integration
depends on learning the anatomy first.
The time allotted to the teaching of ana
tomy is everywhere becoming shorter and
shorter. Thus, it is more than ever important
to stress basic anatomical facts as such to
medical undergraduates. To introduce a welter
of clinical information and opinion into the
learning of anatomical fundamentals is inevi
tably to introduce controversy. Clinical opin
ions and interpretations vary greatly, while
basic anatomy does not. Inherent in this ap
proach is the danger that the controversy will
be remembered and the anatomical fact for
gotten. The author has an exasperating
tendency to describe routine instructions and
observations in terms of the immutable, even
of the profound.
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Those involved in teaching anatomy to
medical undergraduates will certainly find
Laurenson’s approach stimulating and perhaps
useful in planning changes in present curricula.
It may also be, however, that they will find
that Laurenson has produced a prolix manual
of dissection at a time when a concise one is
needed.
LUNG TRANSPLANTATION. Max J. Trummer
and Paul Berg. 122 pp. Must. Charles C
Thomas, Publisher, Springfield, 111.; The Ryerson Press, Toronto, 1968. $10.25.

This monograph proves to be an easy, read
able, concise review of the present "state of
lung transplantation. The authors have ac
cumulated an excellent bibliography and use
their own experience to analyze the’ data.
Operative technique and postoperative
animal care are adequately described and
illustrated. Complications are discussed such
as those related to anastomotic sites— stenosis
or thrombosis— early pulmonary congestion
and decreased ability to raise secretions. The
authors describe physiological changes in the
degenerated lung and supplement this with
an evaluation of the deficiencies in our present
knowledge and in some of the investigative
techniques we utilize.
An elementary review of present methods of
immunosuppression is supplemented by an
assessment of these agents in long-term animal
studies. It should be understood that these
results are based upon animal experiments and
are not supported by documented histocom
patibility profiles. Finally, patients in whom
lung transplantation has been done to date
are described.
This monograph provides a useful introduc
tory reference to lung transplantation for the
undergraduate or postgraduate student. It gives
a good general outline and excellent biblio
graphy but falls short of being a definitive
reference text.
MAY AND WORTH’S MANUAL OF DISEASES
OF THE EYE. 13th ed. T. Keith Lyle, Alex
ander G. Cross and Charles A. G. Cook. 796
pp. Must. Bailliere, Tindall & Cassell Ltd.,
London; The Macmillan Company of Canada
Limited, Toronto, 1968. $11.25.

It is a pleasure to welcome the thirteenth
edition of this old but popular textbook. The
first edition appeared in 1906, and the orig
inal intention of the authors was to present a
concise, practical manual for students and
general practitioners. The thirteenth edition
is hardly concise, having 796 pages but, con
sidering the rapid development of knowledge
and of new techniques in ophthalmology, the
present authors are to be congratulated for
adding only 48 pages to the twelfth edition.
New authors of an old textbook have diffi
culty in giving due regard to the original
pattern of a book in their exclusion of old

Everyone now seems to agree
that where there is pain there is
usually nervous tension. One
sows the seed of the other.
Pain and tension. Fiorinal-C
bridges this relationship by re
lieving not only the body pain
but also the nervous tension that
intensifies the overall pain ex
perience.
In short, Fiorinal-C is a potent
analgesic-sedative that provides
the kind of relief you want your
patients to have. Dual action re
lief of pain and tension.

FIORHMLC^
(containing % grain of codeine)

FIORINU C\

(containing 'A grain of codeine)

COMPOSITION: Each capsule con
tains Sandoptal (itobarbital) 50 mg.,
acetylsalicylic acid 200 mg., phenacetin 1 30 mg., caffeine 40 mg„ codeine
phosphate 1 6 mg. (% grain) or codeine
phosphate 32 mg. ('A grain).
DOSAGE : 1 or 2 capsules at once fo l
lowed by 1 capsule every 3 to 4 hours if
required.
SUPPLIED: Fiorinal-C 'A (light and
dark blue capsules — bottles of 25,100
and 1,000 capsules.
Fiorinal-C 'A (white and blue capsules)
— bottles of 25, 100, 500 and 1,00C
capsules.
SIDE EFFECTS: Occasional dizziness
or drowsiness.
Full product information is available or
request.

SANDOZ
□ O R VAL, Q UEBEC

April 1969

BOOK REVIEWS

material and outmoded methods. However, a
little space could have been saved by the
omission of external examination by oblique
light focused by a + 10A lens. Surely a focusing pen light is the modern equivalent. The
same criticism could be made of the descrip
tion of palpation as a method of estimating
intraocular pressure. However, little space has
been wasted in this way and all modern
routine methods of examination are described,
although the omission of fluorescein angio
graphy of the retina is regretted.
The book is surprisingly up to date on new
methods of treatment but makes no reference
to the new penicillins, or to the use of manni
tol and glycerol in glaucoma.
An entirely new section (122 pages) on
general and visual optics by Montague Ruben
is exceedingly well written, much better than
its counterpart (71 pages) in the twelfth
edition.
The addition of the excellent section on
optics raises a question which is apparent
through much of the book. Who is this book
intended for? The optics section is beyond the
scope of the medical student or general prac
titioner and is not even useful reference ma
terial for them. The rest of the book is too
detailed as a routine textbook for medical
students, but is a good reference book, par
ticularly because the index is complete.
Perhaps the book’s main use will be as an
introductory manual for the ophthalmology
resident.
DIE OPERATIVE BEHANDLUNG DER PROGRESSIV CHRONISCHEN POLYARTHRITIS.
Norbert Gschwend. 219 p p . Illust. Interconti
nental Medical Book Corp., New York; Georg
Thieme Verlag, Stuttgart, West Germany, 1968.
DM 98,00. $26.65 (approx.).

In the now-fashionable, systems-oriented or
ganization of medicine, a new specialty seems
to be evolving— that devoted to the treatment
of progressive chronic polyarthritis. One of the
main themes of this book is the definition of
this new subspecialty, which depends on the
co-operation between the rheumatologist and
the orthopedic surgeon. The book consists of
two parts: first, the general piart, which gives
a brief historical survey of joint diseases, and
a survey of the social importance of this crip
pling disease. The pathogenesis of progressive
chronic polyarthritis is described in detail and
is well illustrated. The author then outlines
the aims and the limitations of various surgi
cal procedures and gives a brief discussion of
preoperative and postoperative treatment. In
the second, special part of the book, much
longer than the first part, the author discusses
surgical procedures such as synovectomy,
arthrodesis, and various arthroplasties accord
ing to anatomical regions. The illustrations are
excellent and partly in colour. To the special
ist, this book can be recommended as an upto-date review of the present situation. In addi
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tion, the book can be recommended to the
general practitioner or the general surgeon as
a review of a new treatment approach, which
is not presented in detail during undergradu
ate medical training.
PHYSIOTHERAPY IN OBSTETRICS. 3rd ed.
Maria Ebner. 158 pp. Illust. E. & S. Living
stone Ltd., Edinburgh and London; The Mac
millan Company of Canada Limited, Toronto,
1987. $3.60.

This is a small but useful book. It reflects the
philosophy of those physicians who are in
volved in childbirth training and labour as
practised in natural birth clinics. It is simply
written and easily understood. The exercises
are well detailed and chosen for their simpli
city as well as for their functional value. This
book can be recommended to nurses and all
others involved in obstetrics.
PROCEEDINGS OF THE SYMPOSIUM ON
COMBINED INJURIES AND SHOCK, Upp
sala, June 3-6, 1967. Intermedes 1967, vol. 1.
Edited by Bo Schildt and Lars Thoren. 311 pp.
Illust. Forsvarets Forskningsanstalt, Stockholm,
1968. Price not stated.

This book contains 35 papers presented at a
symposium on combined injuries. “Combined
injuries are those that result from two or
more types of energy and thus differ from
“multiple injuries”. The papers are collected
into five major sections: combined injury, posttraumatic
metabolism,
reticuloendothelial
system, capillary permeability and therapeutic
aspects of shock. They constitute brief reports
of current laboratory investigations with a few
comments on observations in man under vari
ous conditions of wounding or surgery.
The first section, combined injury, describes
a series of experiments which indicate that the
combination of irradiation and mechanical or
thermal trauma enhances the lethality of
either wound. No basic information is given
on the pathology of irradiation or of the asso
ciated experimental injury. The general rela
tionship of incidence to survival suggests that,
if one form of trauma is radiation, the timing
of the different types of trauma is important
when multiple energy sources are involved.
The section on post-traumatic metabolism
presents, with unusual clarity, the complicated
interrelationships of the pituitary-adrenal axis
and its activation in trauma. There are good
reports of the depression of energy m eta
bolism in various experimental circumstances
and several attempts to trace hormones and
isoenzyme variations following different types
of experimental injury.
The section on reticuloendothelial system is
complex and is obviously intended only for
the research worker. It suggests that method
ologies are still primitive and that we cannot
yet make firm conclusions concerning clinical
management. Studies of capillary permeabilities
in various laboratory circumstances demon-
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strate the variability of capillaries and the
difficulty of establishing precise reference
points, and again it is obvious that new
methods are needed before significant results
may be obtained. The therapeutic aspects dis
cussed here are derived from observations on
clinical trauma management, but these papers
are too few to constitute a comprehensive view
of patient care. On the whole, the book is an
attempt to provide a basic understanding of
many of the current problems in shock. How
ever, it lacks cohesiveness and an integration
of puipose and design. It is not suitable for
the casual reader but will probably be of con
siderable value to those whose clinical or
laboratory investigations deal precisely with
shock. It is a modern compendium of surgical
research thought and, as such, demonstrates
the magnitude of the problem and the need
for continuing effort.
RECONSTRUCTIVE ANATOMY. A Method for
the Study of Human Structure. Maurice Arnold.
529 pp. Illust. W . B. Saunders Company,
Philadelphia; W . B. Saunders Company Canada
Limited, Toronto, 1968. $11.65.

This new textbook of anatomy presents stan
dard anatomical facts by using what the author
calls a “recons fractional” technique. The tech
nique consists of building up each section of
human anatomy in orderly fashion from the
skeletal substructure to the external surfaces.

FOURTH ANNUAL
INSTRUCTIONAL COURSE

ACUTE INJURIES
OF THE HAND
for surgeons treating hand injuries
September 18 and 19, 1969
Thursday, September 18:

Operating Session at Victoria Hospital,
London.
Friday, September 19:

Lectures and Group Discussions
1. Finger Tip Injuries
2. Other Finger Amputations
3. Crushing and Avulsion Injuries
4. Fractures and Dislocations
5. Extensor Tendon Injuries
6. Flexor Tendon and Nerve Injuries
Presented b y the Departm ent of Su rg e ry, The
University of W estern O ntario, in co-operation
with the W o rk m e n 's C om pensation Board.
For further information, please write to:

The

A . T. Hunter, M.D.,
A ss is ta n t to the D e a n —
C o n tin u in g Ed u cation
Facu lty o f M edicine,
U n iv e rsity of W e ste rn O n tario,
London, O n ta rio .
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The text is set out clearly in two columns
per page, and many line-and-shade drawings
are used throughout. In each section, the illus
trations begin with simple geometrical repres
entations of the skeleton of the area. Next,
actual bone structures are shown and, in se
quence from deep to superficial, the soft tissue
layers are built up upon them. Many of the
drawings are excellent but, unfortunately,
some are too cluttered or include too great an
area. Surface landmarks are stressed through
out “as a constant reminder of the deeper
structures”. The index, which is com pete, is
set out plainly in clear, readable type.
The author’s most original contribution, a
section at the back of the book called “Prin
ciples of Anatomy”, consists of explanatory
notes, opinions and theories on such subjects
as joint structure and motion, muscle action,
relation of structure to function, etc. It is only
here, as Arnold himself had foreseen, that any
serious demur can be entered against the
content of the book. For example, the note on
joint lubrication should have been left out
because it gives no hint of current substanti
ated knowledge of this mechanism. Again, he
retains the term “close-packed position” to
describe joint congruity: this is to be deplored.
Modem engineering methods have shown that
the hip joint, for example, is congruous in all
positions, thus exposing the “close-packed
position” theory for the nonsense it is. Barring
these objections, the book unquestionably
gives a clear, accurate, sequential description
of human anatomy. This text would appear to
be most useful to medical people, either
undergraduate or postgraduate, who want to
review, expand or integrate their knowledge of
anatomy.
SH EFTS’
IN ITIA L
MANAGEMENT
OF
THORACIC AND THORACO ABDOMINAL
TRAUMA. 2nd ed. Thomas H. Hewlett. 130 pp.
Illust. Charles C Thomas, Publisher, Springfield, 111.; The Ryerson Press, Toronto, 1968.
$13.25.

The original edition, based on World War II
experience, has been revised and brought up
to date by Colonel T . W. Hewlett, United
States Army Medical Corps (retired), now of
Stanford University. This short monograph—
the text and illustrations fill only 1 1 4 pages—
includes illustrated reports on 12 typical pa
tients. While it still has a battlefield flavour,
the injuries produced by heavy industry and
motor traffic have replaced, for us in Canada
at present, those of the missiles of modem
warfare.
The initial chapter on resuscitation, a model
of clarity, was written by a surgeon of wisdom
and experience. It could be studied with
profit by any surgeon or casualty officer who
is called upon to treat trauma, or by any
practitioner who lives near a highspeed high
way.
The subsequent chapters — Thoracic
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Wounds, Tracheobronchial Injuries and Thoraco-Abdominal W ounds call for more careful
study by any surgeon who is not experienced
in the thoracic field. An enormous am ount of
material has been packed in a small space, so
much in fact that unless it is closely read,
important points can easily be missed. How
ever, if the reader studies the text along with
the illustrative cases he can gain a good under
standing of the management of these injuries.
This monograph can he highly recom
mended.
SURGERY IN THE HEMOPHILIAC. T. J. Tarnay. 131 pp. Illust. Charles C Thomas Pub
lisher, Springfield, 111.; The Ryerson 'Press,
Toronto, 1968. $14.00.
This slim monograph offers easy access to the
accumulated world experience in surgical pro
cedures in the hemophiliac. There are detailed
tabulations dealing separately with appen
dectomy, splenectomy, gastric procedures,
other procedures for gastrointestinal bleeding,
for hemophilic cyst and intervention for intra
cranial bleeding.
The general aspects of hemophilia are dealt
with fairly comprehensively but, in some in
stances, brevity results in obscure condensa
tions. The section dealing with sources of anti
hemophilic factor for systemic replacement is
well handled and gives a good explanation of
the basic differences in methods of obtaining
these fractions. In discussing animal concen
trates, no clear distinction is made between
resistance and reaction to the products.
Local hemostatic procedures are dealt with
briefly but the complete bibliography allows
easy reference to the original experience.
This is a useful book for those managing
patients with hemophilia.
A TEXTBOOK FOR MIDWIVES. 6th ed. Mar
garet F. Myles. 792 pp. Illust. E. & S. Living
stone Ltd., Edinburgh and London; The Mac
millan Company of Canada Limited, Toronto
1968. $7.95.
A book designed primarily for the instruction
of student midwives will have a limited North
American market. However, this book has gone
through six editions since its initial publica
tion in 1953, which suggests that it has found
general acceptance elsewhere.
The coverage is comprehensive, encompass
ing a midwife’s depth of interest in the full
spectrum of normal and abnormal obstetrics.
Further chapters deal with the newborn
home confinement, infertility, and a history of
midwifery. The style is concise and dogmatic.
The illustrations are generally of good quality.
In this 792-page volume there is much sound
practical obstetrical knowledge and philosophy,
but it cannot be considered a valuable text
for the physician-obstetrician nor superior to
standard North American texts for obstetrical
nurses.
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Books Received
Books are acknowledged as received, but
in some cases reviews will also be made
in later issues.
Biopsy Procedures in Clinical Medicine. Edited
by A. E. Read. 193 pp. Illust. John Wright & Sons
Ltd., Bristol; The Macmillan Company of Canada
Limited, Toronto, 1968. $6.50.
Blood Flow Through Organs and Tissues. Pro
ceedings of an International Conference, Glasgow,
March 1967. Edited by William H. Bain and A.
Murray Harper. 515 pp. Illust. E. & S. Living
stone Ltd., Edinburgh and London; The Mac
millan Company of Canada Limited, Toronto,
1968. $13.50.
Cervical Spondylosis and its Neurological Com
plications. Bernhard H. Smith. 231 pp. Illust.
Charles C Thomas, Publisher, Springfield, 111.;
The Ryerson Press, Toronto, 1968. $14.50.
Clinical Management of Shock. Surgical and
Medical. Robert M. Hardaway, III. 599 pp. Illust.
Charles C Thomas, Publisher, Springfield, 111.;
The Ryerson Press, Toronto, 1968. $26.50.
Clinical Surgery. Genito-Urinary System. Edited
by J. D. Fergusson. General editors; Charles Rob
and Rodney Smith. 546 pp. Illust. Butterworth &
Co. (Publishers) Ltd., London; Butterworth & Co.
(Canada) Ltd., Toronto, 1965. $31.00.
Cryosurgery. Edited by Robert W. Rand, Arthur
P. Rinfret and Hans von Leden. 428 pp. Illust.
Charles C Thomas, Publisher, Springfield, 111.;
The Ryerson Press, Toronto, 1968. $31.75.
Fractures of the Facial Skeleton. 2nd ed. N. L.
Rowe and H. C. Killey. 896 pp. Illust. E. & S.
Livingstone Ltd., Edinburgh and London; The
Macmillan Company of Canada Limited, Toronto
1968. $33.50.
Fundamental Techniques of Plastic Surgery and
Their Surgical Applications. Ian A. McGregor.
298 pp. Illust. E. & S. Livingstone Ltd., Edin
burgh and London; The Macmillan Company of
Canada Limited, Toronto, 1968. $5.60.
Historical Aspects of Abdominal Injuries. Frank
L. Loria. 213 pp. Illust. Charles C Thomas Pub
lisher, Springfield, 111.; The Ryerson Press To
ronto, 1968. $12.50.
The Idle Thoughts of a Surgical Fellow. Being
an Account of Experimental Surgical Studies 19561966. Stacey B. Day. 344 pp. Illust. Cultural and
Educational Productions, Montreal, 1968. $12.90.
Inhalation Therapy Procedure Manual. Thomas
J. DeKornfeld and Don E. Gilbert. 114 pp.
Charles C Thomas, Publisher, Springfield 111 •
The Ryerson Press, Toronto, 1968. $8.00.
Intestinal Antisepsis. Isidore Cohn, Jr. 245 pp.
Illust. Charles C Thomas, Publisher, Springfield
111.; The Ryerson Press, Toronto, 1969. $21.00.
An Introduction to the History of General Surgery. Richard Hardaway Meade. 403 pp. Illust
W. B Saunders Company, Philadelphia- W. B
Company Canada Limited, Toronto,
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Logan Turner’s Diseases of the Nose, Throat,
and Ear. 7th ed. Edited by John P. Stewart as
sisted by J. F. Birrell. 584 pp. Must. John Wright
& Sons Ltd., Bristol; The Macmillan Company ot
Canada Limited, Toronto, 1968. $11.25.
Malabsorption Syndromes. William W. Shingleton and William O. Dobbins, III 165 pp. Illust.
Charles C Thomas, Publisher Spnngheld, 111.;
The Ryerson Press, Toronto, 1968. $9.00.
Nerves and Nerve Injuries. Sydney Sunderland.
1161 pp Illust. E. & S. Livingstone Ltd., Edin
burgh and London; The Macmillan Company ot
Canada Limited, Toronto, 1968. $39.75.
Nouveau traite de technique chirurgicale. Tome
X II Fasc. 1. Foie et voies biliaires intra-hepatiques. Rene Bourgeon and Marcel Guntz. 324 pp.
Illust. Masson et Cie, Pans, 19o8. 120 F. $26.50
(approx.).
Operative Neurosurgery. Vol. L Cranial, Cere
bral and Intracranial Vascular Disease. Ludwig
G. Kempe. 269 pp. Illust. Springer-Verlag Berlin;
Springer-Verlag New York Inc., New York, 1968
$39.50.
Pediatric Head Injuries. John Mealey, Jr. 243
pp Illust. Charles C Thomas, Publisher, Springfield, 111.; The Ryerson Press, Toronto, 19o8.
$12.50.
Planning of Surgical Centers. Basic Studies.
Ervin Piitsep. 122 pp. Illust. Lloyd-Luke (Medical
Books) Ltd., London; Natur och Kultur Stock
holm 1969. 80/-. $10.00 (approx.). Paperbound.
Postoperative Friihkomplikationen. Grundlagen
der Krankenbehandlung auf der Wachstation. Kurt
Wiemers, Ernst Kern, Maria Gunther and Hilrnar
Burchardi. 248 pp. Illust. Intercontinental Medical
Book Corp., New York; Georg Thieme Verlag,
Stuttgart, West Germany, 1969. DM 49,00. $13.30
(approx.).
Proceedings of the Symposium on Traumatic
Arterial Lesions. Intermedes 1967. Edited by Tor
Hiertonn and Bo Rybeck. 165 pp. Illust. Forsvarets Forskningsanstalt, Stockholm, 1968. Price
not stated.
Scientific Writing. Lester S. King and Charles
G. Roland. 132 pp. American Medical Association,
Chicago, 1968. $1.00. Paperbound.
Solitary Metastases. Philip Rubin and Jerold
Green. 251 pp. Illust. Charles C Thomas, Pub
lisher, Springfield, 111.; The Ryerson Press, To
ronto, 1968. $17.75.
Spinal Cord Injury. Vladimir Benes. 202 pp.
Illust. Bailliere, Tindall & Cassell Ltd., London;
The Macmillan Company of Canada Limited, To
ronto, 1968. $7.25.
The Surgeon’s Responsibility. John R. Derrick.
121 pp. Charles C Thomas, Publisher, Springfield,
111.; The Ryerson Press, Toronto, 1968. $6.00.
Surgery
for Cerebrovascular
Insufficiency
(Stroke). With Special Emphasis on Carotid End
arterectomy. Jesse E. Thompson. 96 pp. Illust.
Charles C Thomas, Publisher, Springfield, 111.;
The Ryerson Press, Toronto, 1968. $11.50.
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Surgery for Thoracic Disease. An Outline.
Robert R. Shaw. 141 pp. Charles C Thomas, Pub
lisher, Springfield, 111.; The Ryerson Press, To
ronto, 1968. $8.50.
Surgical and Medical Emergencies. 2nd ed.
Edited by John H. Schneewind. 318 pp. Illust.
Year Book' Medical Publishers, Inc., Chicago,
1988. $5.50. Paperbound.
Symposia on Reconstructive Plastic Surgery and
on Surgery of the Hand. Reprinted from the
Surgical Clinics of North America. Edited by
John Marquis Converse and Martin A. Entrn.
1183 pp. Illust. W. B. Saunders Company. Phila
delphia; W. B. Saunders Company Canada Lim
ited, Toronto, 1968. $16.20.
The Training of Surgeons in the Future. Spon
sored by the Allen O. Whipple Surgical Society.
Various contributors. 188 pp. Charles C Thomas,
Publisher, Springfield, 111.; The Ryerson Press,
Toronto, 1968. $10.50.
The Treatment of Bums. 2nd ed. Curtis P. Artz
and John A. Moncrief. 393 pp. Illust. W. B.
Saunders Company, Philadelphia; W. B. Saunders
Company Canada Limited, Toronto, 1938. $15.70.

SURGICAL PRINCIPLES. James Moroney and
Francis E. Stock. 371 pp. Illust. E. & S. Living
stone Ltd., Edinburgh and London; The Mac
millan Company of Canada Limited, Toronto,
1968. $10.50.
In this relatively small text the authors define
and describe some of the principles underlying
surgical diseases on a broad and somewhat
unusual basis. Their categorization of lesions
is somewhat artificial and will not help the
average student; for example, as stated in the
preface, “Conditions as dissimilar as hemor
rhage, ascites, surgical emphysema, fistulas and
dehydration of diarrhea are all examples of
abnormal movements of fluid Jn the body and
are thus considered together.” An example of
other conditions that are grouped together is
the tetralogy of Fallot, patent urachus, ductus
arteriosus, Meckel’s diverticulum and oblique
hernias. These are considered as^ “failures of
obliteration of fetal pathways”, thus are
grouped together as examples of a similar
pathological process.
This arrangement of surgical lesions is ot
little value to a student or to a practising
doctor. The book might possibly be of value
to a student preparing for examinations, if the
questions were also unusual.
The text is well illustrated with pictures
and line drawings. The content is interesting;
for example, one reads that intracerebral
hemorrhage and peritonitis with fluid exudate,
are considered together as “fluid leakage into
the body cavities”.
The book is well written, the concepts are
new and interesting, but it cannot be recom
mended for the student or graduate intern,
only as an interesting and readable ancillary
text for the graduate surgeon.

